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^ (54) Title: COMPLEMENTING CELL LINES 

ID (57) Abstract: A packaging cell line capable of complementing recombinant adenoviruses based on serotypes from subgroup B, 
preferably adenovirus type 35. The cell line is preferably derived from primary, diploid human cells (e.g., primary human retinoblasts, 
j£ primary human embryonic kidney cells and primary human amniocytes) which are transformed by adenovirus El sequences either 
^j. operatively linked on one DNA molecule or located on two separate DNA molecules, the sequences being operatively linked to 
^ regulatory sequences enabling transcription and translation of encoded proteins. Also disclosed is a cell line derived from PER.C6 
^ (ECACC deposit number 96022940), which cell expresses functional Ad35 E1B sequences. The Ad35-E1B sequences are driven 
by the E1B promoter or a heterologous promoter and terminated by a heterologous poly-adenylation signal. The new cell lines are 
useful for producing recombinant adenoviruses designed for gene therapy and vaccination. The cell lines can also be used for pro- 
^ ducing human recombinant therapeutic proteins such as human growth factors and human antibodies. In addition, the cell lines are 
^ useful for producing human viruses other than adenovirus such as influenza virus, herpes simplex virus, rotavirus, measles virus. 
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COMPLEMENTING CELL LINES 

Technical field : The invention relates to the field of biotechnology generally, and more 
specifically to adenoviral-based complementing cell lines. 

5 

Background : Typically, vector and packaging cells have to be adapted to one another so 
that they have all the necessary elements, but they do not have overlapping elements 
which lead to replication competent virus by recombination. Therefore, the sequences 
necessary for proper transcription of the packaging construct may be heterologous 
10 regulatory sequences derived from, for example, other human adenovirus (Ad) serotypes, 
non-human adenoviruses, other viruses like, but not limited to, SV40, hepatitis B virus 
(HBV), Rous Sarcoma Virus (RSV), cytomegalovirus (CMV), etc. or from higher 
eukaryotes such as mammals. In general, these sequences include a promoter, enhancer 
and poly-adenylation sequences. 
1 5 PER.C6 (ECACC deposit number 96022940) is an example of a cell line devoid of 

sequence overlap between the packaging construct and the adenoviral vector (Fallaux et 
al, 1998). Recombinant viruses based on subgroup" C adenoviruses such as Ad5 and Ad2 
can be propagated efficiently on these packaging cells. Generation and propagation of 
adenoviruses from other serotypes, like subgroup B viruses, has proven to be more 
20 difficult on PERC6 cells. However, as described in European patent application 

00201738.2, recombinant viruses based on subgroup B virus Ad35 can be made by co- 
transfection of an expression construct containing the Ad35 early regional sequences 
(Ad35-El). Furthermore, Ad35-based viruses that are deleted for E1A sequences were 
shown to replicate efficiently on PER.C6 cells. Thus, the El A proteins of Ad5 
25 complement Ad35-El A functions, whereas at least part of the E1B functions of Ad35 are 
necessary. This serotype specificity in E1B functions was recently also described for Ad7 
recombinant viruses. In an attempt to generate recombinant adenoviruses derived from 
subgroup B virus Ad7, Abrahamsen et al (1997) were not able to generate El-deleted 
viruses on 293 cells without contamination of wild-type (wt) Ad7. Viruses that were 
30 picked after plaque purification on 293-ORF6 cells (Brough et al , 1 996) were shown to 
have incorporated Ad7 E1B sequences by non-homologous recombination. Thus, 
efficient propagation of Ad7 recombinant viruses proved possible only in the presence of 
Ad7-E1B expression and Ad5-E4~ORF6 expression. The E1B proteins are known to 
interact with cellular as well as viral proteins (Bridge et al, 1993; White, 1995). 
35 Possibly, the complex formed between the E1B 55K protein and E4-ORF6 which is 
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necessary to increase mRNA export of viral proteins and to inhibit export of most cellular 
mRNAs, is critical and in some way serotype specific. 

Description of the Invention 
5 The present invention provides new packaging cell lines capable of complementing 
recombinant adenoviruses based on serotypes other than subgroup C viruses, such as 
serotypes from subgroup B, like adenovirus type 35. 

In one aspect the invention provides packaging cell lines capable of complementing 
recombinant adenovirus based on a serotype of subgroup B, preferably of serotype 35. 
10 With the terms "based on or derived from an adenovirus" is meant that it utilizes nucleic 
acid corresponding to nucleic acid found in said serotype. The utilized nucleic acid may 
be derived by PCR cloning or other methods known in the art. 

In one aspect of the invention, the new packaging cells are derived from primary, diploid 
human cells such as, but not limited to, primary human retinoblasts, primary human 

15 embryonic kidney cells or primary human amniocytes. Transfection of primary cells or 
derivatives thereof with the adenovirus El A gene alone can induce unlimited 
proliferation (immortalisation), but does not result in complete transformation. However, 
expression of El A in most cases results in induction of programmed cell death 
(apoptosis), and occasionally immortalisation is obtained (Jochemsen et al. y 1987). Co- 

20 expression of the E1B gene is required to prevent induction of apoptosis and for complete 
morphological transformation to occur (reviewed in White, 1995). Therefore, in one 
aspect of the invention, primary human cells or derivatives thereof are transformed by 
expression of adenovirus El proteins of a subgroup other than subgroup C, preferably 
subgroup B, more preferably adenovirus type 35. The combined activity of the El A and 

25 E1B proteins establishes indefinite growth of the cells and enables complementation of 
recombinant adenoviruses. 

The complete morphological transformation of primary cells by adenovirus El 
genes is the result of the combined activities of the proteins encoded by the El A and E1B 
regions. The roles of the different El proteins in lytic infection and in transformation 

30 have been studied extensively (reviewed in Zantema and van der Eb, 1995; White, 1995, 
1996). The adenovirus El A proteins are essential for transformation of primary cells. 
The El A proteins exert this effect through direct interaction with a number of cellular 
proteins that are involved in regulation of transcription. These include the pRB family of 
proteins, p300/CBP and TATA binding protein. In addition to this El A increases the 

35 level of p53 protein in the cells. In the absence of adenovirus E1B activity the rise in p53 
levels leads to the induction of apoptosis. Both proteins encoded by the E1B region 
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counteract the induction of apoptosis although by different mechanisms. E1B-21K seems 
to counteract apoptosis in a manner similar to Bcl-2 via interaction with the effector 
proteins downstream in the apoptosis pathway (Han et al 9 1996), whereas E1B-55K 
functions through direct interaction with p53 . Importantly, the molecular mechanism by 
which the E1B-55K proteins of Ad2 and 5 (subgroup C) and Adl2 (subgroup A) function 
in the ability to neutralise p53 may differ. Whereas Ad5 E1B-55K binds p53 strongly 
and the complex localises to the cytoplasm, Adl2 E1B-55K binds p53 weakly and both 
proteins are localised in the nucleus (Zantema et al, 1985; Grand et al, 1999). Both 
proteins, however, inhibit the transactivation of other genes by p53 (Y ew and Berk, 
1992). 

In rodent cells, the activity of El A together with either E1B-21K or 55K is 
sufficient for full transformation although expression of both E1B proteins together is 
twice as efficient (Rao et al 9 1992; ). Inhuman cells however, the activity of the E1B- 
55K protein seems to be more important given the observation that E1B-55K is 
indispensible for the establishment of transformed cells (Gallimore, 1986). 
Example 6 hereof describes the generation of pIG270. In this construct the Ad35-El 
genes are expressed from the hPGK promoter and transcription is terminated by the 
HBVpA. The hPGK promoter constitutes a HincII-EcoRI fragment of the promoter 
sequence described by Singer-Sam et al (1984). The HBVpA is located in a BamHI- 
Bglll fragment of the Hepatitis B virus genome (Simonsen and Levinson, 1983; see also 
Genbank HBV-AF090841). As mentioned before, the promoter and polyadenylation 
sequences of the El expression constructs described in this invention may be derived 
from other sources whithout departing from the invention. Also, other junctional 
fragments of the hPGK and HBVpA sequences mentioned above may be used. 

The functionality of pIG270 was shown by transformation of primary Baby Rat 
Kidney cells (BRK). Comparison with an equivalent Ad5-El expression construct 
learned that Ad35-El genes were less efficient in transforming these cells. The same has 
been found for the El genes of Adl2 (Bernards et al, 1982). 

It is unclear which El protein(s) determine(s) the difference in transformation 
efficiency of El sequences observed for adenoviruses from different subgroups. In the 
case of Adl2, transfection studies with chimeric E1A/E1B genes suggested that the 
efficiency of transformation of BRK cells was determined by the El A proteins (Bernards 
et al, 1982). The E1B-55K protein is shown infra to contain serotype-specific functions 
necessary for complementation of El -deleted adenoviruses. If these functions are related 
to the regulation of mRNA distribution or another late viral function, it is unlikely that 
these are involved in the transformation efficiency. 
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Analysis of functional domains in the Ad2 or Ad5 E1B-55K proteins using 
insertion mutants have revealed that functions related to viral replication, late protein 
synthesis and host protein shut-off are not confined to specific domains but are 
distributed along the protein (Yew et al 9 1990). Using the same set of mutants, the 

5 domains important for interaction with p53 and E4-Orf6 were found to be more 
restricted. In addition to one common binding region (amino acids 262 to 326), p53 
binding was affected by mutations at aa 1 80 and E4-Orf6 binding was affected by 
mutations at aa 143 (Yew and Berk, 1992; Rubenwolf et al, 1997). 

Altogether these results indicate that it is difficult to separate the E1B-55K 

10 functions related to transformation (p53 binding) and late protein synthesis (Orf6 
binding). 

The invention discloses new El constructs that combine the high efficiency of 
transformation of one serotype with the serotype-specific complementation function of 
another serotype. These new constructs are used to transform primary human embryonic 

1 5 retinoblast cells and human amniocytes. 

In another aspect of the invention, the transforming El sequences are derived from 
different serotypes. As disclosed in European Patent application 00201738.2, Ad35 El 
sequences are capable of transforming Baby Rat Kidney (BRK) cells, albeit with a lower 
efficiency than that seen with Ad5 El sequences. This was also observed for El 

20 sequences from Adl2 (Bernards et al, 1982). Therefore, in this aspect of the invention, 
primary diploid human cells or derivatives thereof are transformed with chimeric El 
construct that consists of part of the El sequences of a serotype that enables efficient 
transformation of primary human cells or derivatives thereof and part of the El sequences 
of another serotype which El sequences provide the serotype-specific E1B function(s) 

25 that enable(s) efficient propagation of El -deleted viruses of that serotype. In a preferred 
embodiment of this aspect of the invention, the El A region is derived from a subgroup C 
adenovirus, like, but not limited to, Ad5, and the E1B coding sequences are derived from 
. an alternative adenovirus more particularly from an adenovirus of subgroup B, more 
particularly from adenovirus type 35. E1B-21K coding sequences may also be chimeric 

30 comprising both subgroup C and subgroup B coding sequences. Preferably, all or most of 
E1B-21K comprises subgroup C coding sequences. In a more preferred embodiment, the 
E1A coding sequences and the E1B-21K coding sequences are derived from a subgroup 
C adenovirus, like, but not limited to, Ad5. In one embodiment the cell further comprises 
ElB-55k coding sequences that are, preferably, as far as not overlapping with the 2 IK 

35 coding sequences-derived from an adenovirus of subgroup B, more particular from 

adenovirus type 35. In an even more preferred embodiment, all El coding sequences are 
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derived from a subgroup C adenovirus, like but not limited to Ad5, except for at least the 
part of the E1B-55K coding sequences that are necessary for serotype-specific 
complementation of an alternative adenovirus subgroup, more particular adenovirus 
subgroup B, more particular adenovirus type 35. The invention also provides a packaging 

5 cell line wherein the primary, diploid human cells or derivatives thereof have been 
transformed with a chimeric adenovirus El construct comprising part of a first 
adenovirus El coding sequence of a first adenovirus serotype that enables efficient 
transformation of primary human cells and derivatives thereof; and part of a second 
adenovirus El coding sequence of a second adenovirus serotype, wherein said second 

10 adenovirus El coding sequence provides the serotype-specific adenovirus E1B 

function(s) that enable(s) efficient propagation of recombinant adenovirus El-deleted 
viruses of said second adenovirus serotype. Preferably, said first adenovirus serotype is a 
subgroup C adenovirus and said second adenovirus serotype is a subgroup B adenovirus, 
more particular adenovirus type 35. In one embodiment the packing cell line of the 

15 invention comprises bovine adenovirus E1B-55L Such a bovine ElB-55k expressing cell 
line is particularly suited for obtaining high yields of a complemented bovine 
recombinant adenovirus. 

The primary diploid human cells or derivatives thereof are transformed by adenovirus El 
20 sequences either operatively linked on one DNA molecule or located on two separate 
DNA molecules. In the latter case, one DNA molecule carries at least part of the El 
sequences of the serotype enabling efficient transformation and the second DNA 
molecule carries at least part of the sequences necessary for serotype-specific 
complementation. Provided is also a hybrid construct comprising El -sequences of the 
25 serotype enabling efficient transformation and El sequences of another serotype 

necessary for serotype-specific complementation. The sequences providing serotype 
specific complementation may ofcourse also contain further activities contributing to 
transformation. Preferably, said sequences enabling efficient transformation comprise 
El A. Preferably said sequences and said sequences necessary for serotype specific 
30 complementation preferably comprise E1B sequences. More preferably said sequences 
enabling efficient transforming comprise El A and E1B-21K sequences and said 
sequences necessary for serotype specific complementation comprise E1B-55K 
sequences. Provided also are cells transformed by such hybrid construct. Such cells can 
favorably be used for the propagation of recombinant El deleted adenovirus of said 
35 another serotype. Of course it is also possible to provide both functions of E 1 sequences 
on separate constructs. In all aspects, the sequences are operatively linked to regulatory 
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sequences enabling transcription and translation of the encoded proteins. Preferably a 
packaging cell of the invention further comprises a DNA encoding at least E4-orf6 of an 
adenovirus of subgroup B, preferably adenovirus serotype 35. Preferably, said E4-orf6 is 
derived from said another serotype. Preferably said cell comprises E1B-55K and E4-orf6 
5 of the same serotype as the recombinant vector to be propagated/complemented or 
otherwise produced. 

In another aspect of the invention, new packaging cells are described that are derived 
from PER.C6 (ECACC deposit number 96022940; Fallaux et al y 1998) and contain 
Ad35-El sequences integrated into their genome. These Ad35-El sequences are present 

10 in a functional expression cassette, but preferably do not contain sequences overlapping 
with sequences present in the recombinant viral vector. Preferably, the functional 
expression cassette consists of a heterologous promoter and poly-adenylation signal 
functionally linked to Ad35-El sequences. More specifically, the Ad35-El coding 
sequences are functionally linked to the human phosphoglycerate gene promoter (hPGK) 

15 and hepatitus B virus poly-adenylation signal (HBV-pA). Preferably, Ad35-El coding 
sequences comprise the coding regions of the E1A proteins and the E1B promoter 
sequences linked to E1B coding sequences up to and including the stop codon of the E1B 
55K protein. More preferably, the Ad35-El sequences comprise nucleotide 468 to 
nucleotide 3400 of the Ad35 wt sequence. To be able to select for transfected cells, a 

20 dominant selection marker like, but not limited to, the neo r gene has to be incorporated on 
the expression vector or the Ad35 expression vector is co-transfected with a separate 
expression vector mediating expression of the selection marker. In both cases, the 
selection marker becomes integrated in the cellular genome. Other Ad5-El transformed 
cell lines like 293 (Graham et aL, 1977) and 91 1 (Fallaux et al. 9 1996) or established 

25 human cell lines like A549 cells may be used without departing from the present 
invention. 

In another aspect of the invention, PER.C6-derived cells are described that 
express functional Ad35 E1B sequences. In one embodiment, the Ad35-E1B coding 
sequences are driven by the E IB promoter and terminated by a heterologous poly- 

30 adenylation signal like, but not limited to, the HB VpA. In a preferred embodiment, the 
Ad35-E1B coding sequences are driven by a heterologous promoter like, but not limited 
to, the hPGK promoter or Elongation Factor-1 a ( E F- 1 a ) promoter and terminated by 
a heterologous pA signal like, but not limited to, the HBVpA. These Ad35-E1B 
sequences preferably comprise the coding regions of the E IB 2 IK and the E1B 55K 

35 proteins located between nucleotides 1611 and 3400 of the wild-type (wt) Ad35 

sequence. More preferably, the Ad35-E1B sequences comprise nucleotides 1550 to 3400 
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of the wt Ad35 sequence. In an even more preferred embodiment, the E1B sequences 
comprise the coding sequences of the E1B-55K gene located between nucleotides 1916 
and 3400 of the wt Ad35 sequence. In an even more preferred embodiment a packaging 
cell line or a cell line of the invention lacks a functional coding sequence for E1B 21k. 
5 Such cell lines in general produce significantly more recombinant adenovirus than E1B 
21K positive cell lines. 

The invention further provides a method for complementing a recombinant 
adenovirus comprising providing a packaging cell line or a cell line according to the 
1 o invention, with said recombinant adenovirus and culturing said cell to allow for 

complementation. In a preferred embodiment said method further comprises harvesting 
complemented recombinant adenovirus. Preferably said recombinant adenovirus is 
derived from adenovirus subgroup B. More preferably said recombinant adenovirus is 
derived from adenovirus serotype 35. 

15 

In another aspect the invention provides a recombinant adenovirus obtained by a 
method of the invention or with a packaging cell of the invention. Such adenovirus can be 
obtained essentially free from contaminating wild type adenovirus, or replication 
competent adenovirus. Such recombinant adenovirus preparations are very suited for 

20 administration of therapeutic sequences to somatic tissues in vivo in for instance a gene 
therapeutic setting. Preferred are recombinant adenoviruses comprising a deletion of 
nucleic acid encoding at least one El-region protein. Preferably, such adenovirus further 
comprises a deletion of nucleic acid encoding at least one E3-region protein. Preferably, 
such adenovirus further comprises a deletion of nucleic acid encoding at least one E4- 

25 region protein. Preferably, such adenovirus further comprises a deletion of nucleic acid 
encoding at least E4-Orf6 protein. For this reason the invention also provides the use of a 
recombinant adenovirus of the invention for the preparation of a medicament. 

With the term E1B-55K protein as used herein, is meant the protein encoded by the E1B- 
30 region in an adenovirus serotype having a similar function in said serotype as provided by 
the E1B-55K protein Ad5. 

With the term E1B-21K protein as used herein, is meant the protein enclosed by the E1B- 
region in an adenovirus serotype having a similar function in said serotype as provided by 
the E1B-19K protein of Ad5. The same terminology applies for the sequences encoding 
35 these proteins. When referring to Ad35-El sequences from a specified nucleotide to 
nucleotide 3400 is meant hip to and including nucleotide 3400'. 
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Cell lines subject of this invention are useful for, among other things, the 
production of recombinant adenoviruses designed for gene therapy and vaccination. The 
cell lines, being derived from cells of human origin, are also useful for the production of 
5 human recombinant therapeutic proteins like, but not limited to human growth factors, 
human antibodies. In addition the cell lines are useful for the production of human viruses 
other than adenovirus like, but not limited to, influenza virus, herpes simplex virus, 
rotavirus, measles virus. 

A preferred derivative of primary, diploid human cells is the PER.C6 cell line (ECACC 
10 deposit number 960022940). 

It is within the skills of the artisan to provide for proteins having a similar function in 
kind as the adenovirus El protein referred to in this document. For instance a functional 
part may be provided and/or a derivative may be provided with a similar function in kind, 
1 5 not necessarily in amount. 

Such parts and derivatives are considered to be part of the invention, in as far as similar 
transforming/complementing and/or serotype specificity function is provided in kind, not 
necessarily in amount. 

20 Brief Description of the Figures 

FIG. 1 : Bar graph showing the percentage of serum samples positive for neutralization 
for each human wt adenovirus tested (see, Examplel for description of the neutralization 
assay). 

FIG. 2: Graph showing absence of correlation between the VP/CCID50 ratio and the 
25 percentage of neutralization. 

FIG. 3: Bar graph presenting the percentage sera samples that show neutralizing activity 
to a selection of adenovirus serotypes. Sera were derived from healthy volunteers from 
Belgium and the UK. 

FIG. 4: Bar graph presenting the percentage sera samples that show neutralizing activity 
30 to adenovirus serotypes 5,11, 26, 34, 35, 48 and 49. Sera were derived from five 
different locations in Europe and the United States. 
FIG. 5: Sequence of human adenovirus type 35. 
FIG. 6: Map of pAdApt35IPL 

FIG, 7: Schematic representation of the steps undertaken to construct pWE.Ad35.pDC- 
35 rITR. 

FIG. 8: Map of pWE.Ad35.pIX-rITR. 
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FIG. 9: Map of pRSVAd35-El. 
FIG. 10: Map of PGKneopA. 

FIG. 11: Map of pRSVpNeo. 

FIG. 12: Map of pRSVhbvNeo. 
5 FIG. 13: Map of pIG.ElA.ElB. 

FIG. 14: Map of pIG135. 

FIG. 15:MapofpIG270. 

FIG. 16: Map of pBr.Ad35.1eflITR-pIX. 

FIG. 17: Map of pBr.Ad35.1eftITR-pIXAElA 
10 FIG. 18: Map of pBr.Ad35.A21K 

FIG. 19: MapofpBr.Ad35.A55Kl 

FIG. 20: Map of pBrAd35ASM 

FIG. 21: Schematic representation of Ad35-E1A/E1B deletion constructs. 
FIG. 22: Map of pIG.35BL. 
15 FIG. 23: Map of pRSVneo4. 

FIG. 24: Map of pIG35Bneo. 

FIG. 25: Map of pIG35.55K 

FIG. 26: Map of pIG535 

FIG. 27: Map of pIG635 
20 FIG. 28: Map of pIG735 

FIG29:MapofpCC271 

FIG 30: Map of pCC535s 

FIG 31: Map of pCR535ElB 

FIG 32: Map of pCC2155s 
25 FIG 33: Map of pCC536s 

FIG 34: Map of pIG536 

FIG 35: Map of pBr.Ad35.PRn 

FIG 36: Map of pBr Ad3 5 ,PRnAE3 

FIG 37: Map of pWE.Ad35.pIX-rITRAE3 
30 FIG 38: Alignment of E1B-21K (A) and E1B-55K (B) amino acid sequences in pCC536s 

with wtAd5 and wtAd35 sequences. 
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Detailed Description of The Invention 
The invention is further explained by the use of the following illustrative examples. 

EXAMPLES 
Example 1 

A high throughput assay for the detection of neutralizing activity in human serum 
To enable screening of a large amount of human sera for the presence of neutralizing 

■ 

antibodies against all adenovirus serotypes, an automated 96-wells assay was developed. 
Human sera 

A panel of 100 individuals was selected. Volunteers (50% male, 50% female) 
were healthy individuals between ages 20 and 60 years old with no restriction for race. 
All volunteers signed an informed consent form. People professionally involved in 
adenovirus research were excluded. 

Approximately 60 ml blood was drawn in dry tubes. Within two hours after 
sampling, the blood was centrifuged at 2500 rpm for 10 minutes. Approximately 30 ml 
serum was transferred to polypropylene tubes and stored frozen at -20°C until further use. 

Serum was thawed and heat-inactivated at 56°C for 10 minutes and then aliquoted 
to prevent repeated cycles of freeze/thawing. Part was used to make five steps of twofold 
dilutions in medium (DMEM, Gibco BRL) in a quantity enough to fill out approximately 
70 96-well plates. Aliquots of undiluted and diluted sera were pipetted in deep well plates 
(96-well format) and using a programmed platemate dispensed in 100 jil aliquots into 96- 
well plates. This way the plates were loaded with eight different sera in duplo (100 
Hl/well) according to the scheme below: 
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and Sx/32 the twofold serial dilutions. The last plates also contained four wells filled with 
5 1 00 |xl fetal calf serum as a negative control. Plates were kept at -20°C until further use. 

Preparation of human adenovirus stocks 

Prototypes of all known human adenoviruses were inoculated on T25 flasks 
seeded with PER.C6 cells (Fallaux et a/., 1998) and harvested upon full CPE. After 

l o freeze/thawing 1 -2 ml of the crude lysates was used to inoculate a T80 flask with PER.C6 
and virus was harvested at full CPE. The timeframe between inoculation and occurrence 
of CPE as well as the amount of virus needed to re-infect a new culture, differed between 
serotypes. Adenovirus stocks were prepared by freeze/thawing and used to inoculate 3-4 
T175 cm 2 three-layer flasks with PER.C6 cells. Upon occurrence of CPE, cells were 

1 5 harvested by tapping the flask, pelleted and virus was isolated and purified by a two-step 
CsCl gradient as follows. Cell pellets were dissolved in 50 ml 10 mM NaP0 4 buffer (pH 
7.2) and frozen at -20°C. After thawing at 37°C, 5.6 ml sodium deoxycholate (5% w/v) 
was added. The solution was mixed gently and incubated for 5-15 minutes at 37°C to 
completely lyse the cells. After homogenizing the solution, 1 875 M-l 1M MgCl 2 was 

20 added. After the addition of 375 fxl DNAse (10 mg/ml) the solution was incubated for 30 
minutes at 37°C. Cell debris was removed by centrifugation at 1880xg for 30 minutes at 
RT without brake. The supernatant was subsequently purified from proteins by extraction 
with FREON (3x). The cleared supernatant was loaded on a 1M Tris/HCl buffered 
cesium chloride block gradient (range: 1 .2/1 A g/ml) and centrifuged at 21 000 rpm for 2.5 

25 hours at 1 0°C. The virus band is isolated after which a second purification using a 1 M 
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Tris/HCl buffered continues gradient of 1 .33 g/ml of cesium chloride was performed. The 
virus was then centrifiiged for 17 hours at 55000 rpm at 10°C. The virus band is isolated 
and sucrose (50 % w/v) is added to a final concentration of 1%. Excess cesium chloride is 
removed by dialysis (three times 1 hr at RT) in dialysis slides (Slide-a-lizer, cut off 10000 

5 kDa, Pierce, USA) against 1 .5 liter PBS supplemented with CaCl 2 (0.9 mM), MgCfe 

(0.5mM) and an increasing concentration of sucrose (1, 2, 5%). After dialysis, the virus is 
removed from the slide-a-lizer after which it is aliquoted in portions of 25 and 100 jil 
upon which the virus is stored at -85°C. 

To determine the number of virus particles per milliliter, 50 \il of the virus batch 

10 is run on a high-pressure liquid chromatograph (HPLC) as described by Shabram et al 
(1997). Viruses were eluted using a NaCl gradient ranging from 0 to 600 mM. As 
depicted in table I, the NaCl concentration by which the viruses were eluted differed 
significantly among serotypes. 

Most human adenoviruses replicated well on PER.C6 cells with a few exceptions. 

15 Adenovirus type 8 and 40 were grown on 91 1-E4 cells (He et al, 1998). Purified stocks 
contained between 5x1 0 10 and 5x1 0 12 virus particles/ml (VP/ml; see table I). 

Titration of purified human adenovirus stocks 

Adenoviruses were titrated on PER.C6 cells to determine the amount of virus 
20 necessary to obtain full CPE in five days, the length of the neutralization assay. Hereto, 
100p.l medium was dispensed into each well of 96-well plates. 25 |il of adenovirus stocks 
pre-diluted 10 4 , 10 5 , 10 6 or 10 7 times were added to column 2 of a 96-well plate and 

■ 

mixed by pipetting up and down 10 times. Then 25 |il was brought from column 2 to 
column 3 and again mixed. This was repeated until column 1 1 after which 25 \i\ from 

25 column 1 1 was discarded. This way, serial dilutions in steps of 5 were obtained starting 
off from a pre-diluted stock. Then 3xl0 4 PER.C6 cells (ECACC deposit number 
96022940) were added in a 100 fxl volume and the plates were incubated at 37 °C, 5% 
CO2 for five or six days. CPE was monitored microscopically. The method of Reed and 
Muensch was used to calculate the cell culture-inhibiting dose 50% (CCID50). 

30 In parallel, identical plates were set up that were analyzed using die MTT assay 

(Promega). In this assay, living cells are quantified by colorimetric staining. Hereto, 20 nl 
MTT (7.5 mgr/ml in PBS) was added to the wells and incubated at 37 °C, 5% C0 2 for 
two hours. The supernatant was removed and 100 jllI of a 20:1 isopropanol/triton-XlOO 
solution was added to the wells. The plates were put on a 96-well shaker for 3-5 minutes 

35 to solubilize the precipitated staining. Absorbance was measured at 540 nm and at 690 
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nm (background). By this assay, wells with proceeding CPE or full CPE can be 
distinguished 

Neutralization assay 

5 96-well plates with diluted human serum samples were thawed at 37 °C, 5% CO2. 

Adenovirus stocks diluted to 200 CCID50 per 50 ul were prepared and 50 ul aliquots 
were added to columns 1-1 1 of the plates with serum. Plates were incubated for 1 hour at 
37°C, 5% C0 2 . Then 50 ul PER.C6 cells at 6xl0 5 /ml were dispensed in all wells and 
incubated for 1 day at 37 °C, 5% CO2. Supernatant was removed using fresh pipette tips 

10 for each row and 200ul fresh medium was added to all wells to avoid toxic effects of the 
serum. Plates were incubated for another 4 days at 37 °C, 5% C0 2 . In addition, parallel 
control plates were set up in duplo with diluted positive control sera generated in rabbits 
and specific for each serotype to be tested in rows A and B and with negative control 
serum (FCS) in rows C and D. Also, in each of the rows E-H a titration was performed as 

1 5 described above with steps of five times dilutions starting with 200 CCID50 of each virus 
to be tested. On day 5, one of the control plates was analyzed microscopically and with 
the MTT assay. The experimental titer was calculated from the control titration plate 
observed microscopically. If CPE was found to be complete, i.e. the first dilution in the 
control titration experiment analyzed by MTT shows clear cell death, all assay plates 

20 were processed. If not, the assay was allowed to proceed for one or more days until full 
CPE was apparent after which all plates were processed. In most cases, the assay was 
terminated at day 5. For Adl, 5, 33, 39, 42 and 43 the assay was left for six days and for 
Ad2 for eight days. 

A serum sample is regarded as "non-neutralizing" when, at me highest serum 
25 concentration, a maximum protection of 40% is seen compared to controls without 
serum 

The results of the analysis of 44 prototype adenoviruses against serum from 100 
healthy volunteers are shown in FIG. 1. As expected, the percentage of serum samples 
that contained neutralizing antibodies to Ad2 and Ad5 was very high. This was also true 

30 for most of the lower numbered adenoviruses. Surprisingly, none of the serum samples 
contained neutralizing antibodies to Ad35. Also, the number of individuals with 
neutralizing antibody titers to the serotypes 26, 34 and 48 was very low. Therefore, 
recombinant El-deleted adenoviruses based on Ad35 or one of the other above 
mentioned serotypes have an important advantage compared to recombinant vectors 

35 based on Ad5 with respect to clearance of the viruses by neutralizing antibodies. 
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Also, Ad5-based vectors that have (parts of) the capsid proteins involved in 
immunogenic response of the host replaced by the corresponding (parts of) the capsid 
proteins of Ad35 or one of the other serotypes will be less, or even not, neutralized by the 
vast majority of human sera. 

5 As can be seen in Table I, the VP/CCID50 ratio calculated from the virus particles 

per ml and the CCID50 obtained for each virus in the experiments was highly variable, 
and ranged from 0.4 to 5 log. This is probably caused by different infection efficiencies 
of PER.C6 cells and by differences in replication efficiency of the viruses. Furthermore, 
differences in batch qualities may play a role. A high VP/CCID50 ratio means that more 

10 viruses were put in the wells to obtain CPE in 5 days. As a consequence, the outcome of 
the neutralization study might be biased since more (inactive) virus particles could shield 
the antibodies. To check whether this phenomenon had taken place, the VP/CCID50 ratio 
was plotted against the percentage of serum samples found positive in the assay (FIG. 2). 
The graph clearly shows that there is no negative correlation between the amount of 

1 5 viruses in the assay and neutralization in serum. 

Example 2 

The prevalence of neutralizing activity (NA) to Ad35 is low in human sera from different 
geographic locations 

20 In Example 1 the analysis of neutralizing activity ("NA") in human sera from one 

location in Belgium was described. Strikingly, of a panel of 44 adenovirus serotypes 
tested, one serotype, Ad35, was not neutralized in any of the 100 sera assayed In 
addition, a few serotypes, Ad26, Ad34 and Ad48 were found to be neutralized in 8%, or 
less, of the sera tested. This analysis was further extended to other serotypes of 

25 adenovirus not previously tested and, using a selection of serotypes from the first screen, 
was also extended to sera from different geographic locations. 

Hereto, adenoviruses were propagated, purified and tested for neutralization in the 
CPE-inhibition assay as described in Example 1. Using the sera from the same batch as in 
Example 1, adenovirus serotypes 7B, 1 1, 14, 18 and 44/1876 were tested for 

30 neutralization. These viruses were found to be neutralized in, respectively, 59, 13, 30, 98 
and 54 % of the sera. Thus, of this series, Adl 1 is neutralized with a relatively low 
frequency. 

Since it is known that the frequency of isolation of adenovirus serotypes from 
human tissue as well as the prevalence of NA to adenovirus serotypes may differ on 
35 different geographic locations, we further tested a selection of the adenovirus serotypes 
against sera from different places. Human sera were obtained from two additional places 
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in Europe (Bristol, UK and Leiden, NL) and from two places in the United States 
(Stanford, CA and Great Neck, NY). Adenoviruses that were found to be neutralized in 
20% or less of the sera in the first screen, as well as Ad2, Ad5, Ad27, Ad30, Ad38, Ad43, 
were tested for neutralization in sera from the UK. The results of these experiments are 
5 presented in FIG. 3 . Adenovirus serotypes 2 and 5 were again neutralized in a high 
percentage of human sera. Furthermore, some of the serotypes mat were neutralized in a 
low percentage of sera in the first screen are neutralized in a higher percentage of sera 
from the UK, for example, Ad26 (7% vs. 30%), Ad28 (13% vs. 50%), Ad34 (5% vs. 
27%) and Ad48 (8% vs. 32%). Neutralizing activity against Adl 1 and Ad49 that were 
1 o found in a relatively low percentage of sera in the first screen, are found in an even lower 
percentage of sera in this second screen (13% vs. 5% and 20% vs. 11% respectively). 
Serotype Ad35 that was not neutralized in any of the sera in the first screen, was now 
found to be neutralized in a low percentage (8%) of sera from the UK The prevalence of 
NA in human sera from the UK is the lowest to serotypes Adl 1 and Ad35. 
1 5 For further analysis, sera obtained from two locations in the US (Stanford, CA 

and Great Neck, NY) and from The Netherlands (Leiden). FIG. 4 presents an overview of 
data obtained with these sera and the previous data. Not all viruses were tested in all sera, 
except for Ad5, Adl 1 and Ad35. The overall conclusion from this comprehensive screen 
of human sera is that the prevalence of neutralizing activity to Ad35 is the lowest of all 
20 serotypes throughout the western countries: on average 7% of the human sera contain 
neutralizing activity (5 different locations). Another B-group adenovirus, Adll is also 
neutralized in a low percentage of human sera (average 1 1% in sera from 5 different 
locations). Adenovirus type 5 is neutralized in 56% of the human sera obtained from 5 
different locations. Although not tested in all sera, D-group serotype 49 is also 
25 neutralized with relatively low frequency in samples from Europe and from one location 

of the US (average 14%). 

In die herein described neutralization experiments, a serum is judged non- 
neutralizing when, in the well with the highest serum concentration, the maximum 
protection of CPE is 40% compared to the controls without serum The protection is 
30 calculated as follows: 

1% protection = OP corresponding well - OP virus control x 100% 

OP non-infected control - OP virus control 



35 



As described in Example 1, the serum is plated in five different dilutions ranging from 4x 
to 64x diluted. Therefore, it is possible to distinguish between low titers (/.&, 
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neutralization only in the highest serum concentrations) and high titers of NA (i.e., also 
neutralization in wells with the lowest serum concentration). Of the human sera used in 
our screen that were found to contain neutralizing activity to Ad5, 70% turned out to have 
high titers whereas of the sera that contained NA to Ad35, only 15% had high titers. Of 

5 the sera that were positive for NA to Adl 1 only 8% had high titers. For Ad49, this was 
5%. Therefore, not only is the frequency of NA to Ad35, Adl 1 and Ad49 much lower as 
compared to Ad5, but of the sera that do contain NA to these viruses, the vast majority 
has low titers. Adenoviral vectors based on Adl 1, Ad35 or Ad49 have therefore a clear 
advantage over Ad5 based vectors when used as gene therapy vehicles or vaccination 

10 vectors in vivo or in any application where infection efficiency is hampered by 
neutralizing activity. 

In the following examples, the construction of a vector system for the generation 
of safe, RCA-free Ad35-based vectors is described. 



15 Example 3 

Sequence of the human adenovii-us type 35 

Ad35 viruses were propagated on PER.C6 cells and DNA was isolated as follows: 
To 100 pi of virus stock (Ad35: 3.26xl0 12 VP/ml), 10p.l 10X DNAse buffer (130 mM 
Tris-HCl pH7.5; 1,2 M CaCl 2 ; 50mM MgCl 2 ) was added. After addition of 10 ^1 

20 lOmgr/ml DNAse I (Roche Diagnostics), the mixture was incubated for 1 hr. at 37°C. 
Following addition of 2.5nl 0.5M EDTA, 3.2jil 20% SDS and 1.5^1 ProteinaseK (Roche 
Diagnostics; 20mgr/ml), samples were incubated at 50°C for 1 hr. Next, the viral DNA 
was isolated using the GENECLEAN spin kit (Biol 01 Inc.) according to the 
manufacturer's instructions. DNA was eluted from the spin column with 25 nl sterile 

25 MilliQ water. The total sequence was generated by Qiagen Sequence Services (Qiagen 
GmbH, Germany). Total viral DNA was sheared by sonification and the ends of the DNA 
were made blunt by T4 DNA polymerase. Sheared blunt fragments were size fractionated 
on agarose gels and gel slices corresponding to DNA fragments of 1 .8 to 2.2kb were 
obtained. DNA was purified from the gel slices by the QIAquick gel extraction protocol 

30 and subcloned into a shotgun library of pUCl 9 plasmid cloning vectors. An array of 

clones in 96-well plates covering the target DNA 8 (+/- 2) times was used to generate the 
total sequence. Sequencing was performed on Perkin-Elmer 9700 thermocycleis using 
Big Dye Terminator chemistry and AmpliTaq FS DNA polymerase followed by 
purification of sequencing reactions using QIAGEN DyeEx 96 technology. Sequencing 

35 reaction products were then subjected to automated separation and detection of fragments 
on ABI 377 XL 96 lane sequencers. Initial sequence results were used to generate a 
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contiguous sequence and gaps were filled in by primer walking reads on the target DNA 
or by direct sequencing of PCR products. The ends of the virus turned out to be absent in 
the shotgun library, most probably due to cloning difficulties resulting from the amino 
acids of pTP that remain bound to the 1TR sequences after proteinase K digestion of the 
viral DNA. Additional sequence runs on viral DNA solved most of Ihe sequence in those 
regions, however it was difficult to obtain a clear sequence of the most terminal 
nucleotides. At the 5' end the sequence portion obtained was 5 ' -CC AATAATATACCT- 
3' (SEQ. I.D. NO. __) while at the 3' end, the obtained sequence portion was 5'- 
AGGTATATTATTGATGATGGG-3 ' (SEQ. I.D. NO. _J. Most human adenoviruses 
have a terminal sequence 5'-CATCATCAATAATATACC-3' (SEQ. ID. NO. _). In 
addition, a clone representing the 3' end of the Ad35 DNA obtained after cloning the 
terminal 7 kb Ad35 EcoRI fragment into pBr322 also turned out to have the typical 
CATCATCAATAAT... sequence. Therefore, Ad35 may have the typical end sequence 
and the differences obtained in sequencing directly on the viral DNA are due to artefacts 
correlated with run-off sequence runs and the presence of residual amino acids of pTP. 

The total sequence of Ad35 with corrected terminal sequences is given in FIG. 5. 
Based sequence homology with Ad5 (Genbank # M72360) and Ad7 (partial sequence 
Genbank # X03000) and on the location of open reading frames, the organization of the 
virus is identical to the general organization of most human adenoviruses, especially the 
subgroup B viruses. The total length of the genome is 34,794 basepairs. 

Example 4 

Construction of a plasmid-based vector system to generate recombinant Ad35-based 
viruses. 

A functional plasmid-based vector system to generate recombinant adenoviral vectors 
comprises the following components: 

1 An adapter plasmid comprising a left ITR and packaging sequences derived from 
Ad35 and at least one restriction site for insertion of an heterologous expression 
cassette and lacking El sequences. Furthermore, the adapter plasmid contains 
Ad35 sequences 3' from the E1B coding region including the pIX promoter and 
coding sequences enough to mediate homologous recombination of the adapter 
plasmid with a second nucleic acid molecule. 

2. A second nucleic acid molecule, comprising sequences homologous to the adapter 
plasmid, and Ad35 sequences necessary for the replication and packaging of the 
recombinant virus, that is early, intermediate and late genes that are not present in 
the packaging cell. 
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3, A packaging cell providing at least functional El proteins capable of 
complementing the El function of Ad35. 

Other methods for generating recombinant adenoviruses on complementing 
packaging cells are known in the art, and may be applied to Ad35 viruses without 
departing from the invention. As an example, the construction of a plasmid-based system, 
as outlined above, is described in detail below. 

1 ) Construction of Ad3 5 adapter plasmids. 

The adapter plasmid pAdApt (described in International Patent Application 
W099/55132) was first modified to obtain adapter plasmids that contain extended 
polylinkers and that have convenient unique restriction sites flanking the left ITR and the 
adenovirus sequence at the 3 ' end to enable liberation of the adenovirus insert from 
plasmid vector sequences. Construction of these plasmids is described below in detail: 

Adapter plasmid pAdApt was digested with Sail and treated with Shrimp Alkaline 
Phosphatase to reduce religation. A linker, composed of the following two 
phosphorylated and annealed oligos: ExSalPacF 5' - TCG ATG GCA AAC AGC TAT 
TAT GGG TAT TAT GGG TTC GAA TTA ATT AA- 3 ' (SEQ. I.D. NO. _) and 
ExSalPacR 5' - TCG ATT AAT TAA TTC GAA CCC ATA ATA CCC ATA ATA GCT 
GTT TGC CA- 3 5 (SEQ. I.D. NO. _J was directly ligated into the digested construct, 
thereby replacing the Sail restriction site by Pi-Pspl, Swal and Pad. This construct was 
designated pADAPT+ExSalPac linker. Furthermore, part of the left ITR of pAdApt was 
amplified by PCR using the following primers: PCLIPMSF: 5'- CCC CAA TTG GTC 
GAC CAT CAT CAA TAA TAT ACC TTA TTT TGG -3' (SEQ. I.D. NO. _) and 
pCLIPBSRGI: 5'- GCG AAA ATT GTC ACT TCC TGT G - 3' (SEQ. LD. NO. _). The 
amplified fragment was digested with Muni and BsrGI and cloned into pAd5/Clip 
(described in International Patent Application W099/55132), which was partially 
digested with EcoRI and after purification digested with BsrGI, thereby re-inserting the 
left ITR and packaging signal. After restriction enzyme analysis, the construct was 
digested with Seal and SgrAI and an 800 bp fragment was isolated from gel and ligated 
into Scal/SgrAI digested pADAPT+ExSalPac linker. The resulting construct, designated 
pIPspSalAdapt, was digested with Sail, dephosphorylated, and ligated to the 
phosphorylated ExSalPacF/ExSalPacR double-stranded linker previously mentioned. A 
clone in which the Pad site was closest to the ITR was identified by restriction analysis 
and sequences were confirmed by sequence analysis. This novel pAdApt construct, 
termed pEPspAdapt thus harbours two ExSalPac linkers containing recognition sequences 
for Pad, PI-PspI and BstBI, which surround the adenoviral part of the adenoviral adapter 
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construct, and which can be used to linearize the plasmid DNA prior to cotransfection 
with adenoviral helper fragments. 

In order to further increase transgene cloning permutations, a number of 
polylinker variants were constructed based on pIPspAdapt. For this purpose, pIPspAdapt 
5 was first digested with EcoRI and dephosphorylated. A linker composed of the following 
two phosphorylated and annealed oligos: Ecolinker+: 5' -AAT TCG GCG CGC CGT 
CGA CGA TAT CGA TAG CGG CCG C -3' (SEQ. I.D. NO. _J and Ecolinker-: 5' - 
AAT TGC GGC CGC TAT CGA TAT CGT CGA CGG CGC GCC G -3 ' (SEQ. I.D. 
NO. __) was ligated into this construct, thereby creating restriction sites for AscI, Sail, 
1 0 EcoRV, Clal and Notl. Both orientations of this linker were obtained, and sequences 
were confirmed by restriction analysis and sequence analysis. The plasmid containing the 
polylinker in the order 5' Hindffl, Kpnl, Agel, EcoRI, AscI, Sail, EcoRV, Clal, Notl, 
Nhel, Hpal, BamHI and Xbal was termed pIPspAdaptl while the plasmid containing the 
polylinker in the order HindlH, Kpnl, Agel, Notl, Clal, EcoRV, Sail, AscI, EcoRI, Nhel, 
1 5 Hpal, BamHI and Xbal was termed pIPspAdapt2. 

To facilitate the cloning of other sense or antisense constructs, a linker composed 
of the following two oligonucleotides was designed, to reverse the polylinker of 
pIPspAdapt: HindXba+ 5'-AGC TCT AGA GGA TCC GTT AAC GCT AGC GAA TTC 
ACC GGT ACC AAG CTT A-3' (SEQ. I.D. NO. _); HindXba- 5'-CTA GTA AGC 
20 TTG GTA CCG GTG AAT TCG CTA GCG TTA ACG GAT CCT CTA G-3' (SEQ. LD. 
NO. _). This linker was ligated into Hindm/Xbal digested pIPspAdapt and the correct 
construct was isolated. Confirmation was done by restriction enzyme analysis and 
sequencing. This new construct, pIPspAdaptA, was digested with EcoRI and the 
previously mentioned Ecolinker was ligated into this construct. Both orientations of this 
25 linker were obtained, resulting in P IPspAdapt3, which contains the polylinker in the order 
Xbal, BamHI, Hpal, Nhel, EcoRI, AscI, Sail, EcoRV, Clal, Notl, Agel, Kpnl and 
HindlH. All sequences were confirmed by restriction enzyme analysis and sequencing. 

Adapter plasmids based on Ad35 were then constructed as follows: 
The left ITR and packaging sequence corresponding to Ad35 wt sequences nucleotides 1 
30 to 464 (FIG. 5) were amplified by PCR on wtAd35 DNA using the following primers: 
lPrimer35Fl: 

25'-CGG AAT TCT TAA TTA ATC GAC ATC ATC AAT AAT ATA CCT TAT AG-3' 
(SEQ. I.D. NO. _) 
Primer 35R2: 

35 5'-GGT GGT CCT AGG CTG ACA CCT ACG TAA AAA CAG-3' (SEQ. LD. NO. _J 
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Amplification introduces a PacI site at the 5 1 end and an Avrll site at the 3' end of the 
sequence. 

For the amplification, Platinum Pfx DNA polymerase enzyme (LTI) was used 
according to manufacturer's instructions, but with primers at 0.6 jxM and with DMSO 
5 added to a final concentration of 3%. Amplification program was as follows: 2 min. at 
94°C, (30 sec. 94°C 3 30 sec. at 56°C, 1 min. at 68°C) for 30 cycles, followed by 10 min. at 
68°C. 

The PCR product was purified using a PGR purification kit (LTI) according to the 
manufacturer's instructions, and digested with PacI and Avrll. The digested fragment was 

1 0 then purified from gel using the GENECLEAN kit (Bio 1 01 , Inc.). The Ad5-based 

adapter plasmid pIPspAdApt-3 was digested with Avrll and then partially with PacI and 
the 5762 bp fragment was isolated in an LMP agarose gel slice and ligated with the 
abovementioned PCR fragment digested with the same enzymes and transformed into 
electrocompetent DH10B cells (LTI). The resulting clone is designated pIPspAdApt3- 

15 Ad351ITR. 

In parallel, a second piece of Ad35 DNA was amplified using the following 
primers: 

335F3: 5'- TGG TGG AGA TCT GGT GAG TAT TGG GAA AAC-3' (SEQ. LD. NO. 
_) 

20 435R4: 5'- CGG AAT TCT TAA TTA AGG GAA ATG CAA ATC TGT GAG G-3' 
(SEQ. LD. NO. _J 

The sequence of this fragment corresponds to nucleotides 3401 to 4669 of 
wtAd35 (FIG. 5) and contains 1.3kb of sequences starting directly 3* from the E1B 55k 
coding sequence. Amplification and purification were done as previously described 

25 herein for the fragment containing the left ITR and packaging sequence. The PCR 

fragment was then digested with PacI and subcloned into pNEB193 vector (New England 
Biolabs) digested with Smal and Pad. The integrity of the sequence of the resulting clone 
was checked by sequence analysis. pNEB/Ad35pF3R4 was then digested with Bglll and 
PacI and the Ad35 insert was isolated from gel using the QIAExII kit (Qiagen). 

30 pIPspAdApt3-Ad351ITR was digested with Bglll and then partially with PacI. The 3624 
bp fragment (containing vector sequences, the Ad35 ITR and packaging sequences as 
well as the CMV promoter, multiple cloning region and polyA signal) was also isolated 
using the QIAExII kit (Qiagen). Both fragments were ligated and transformed into 
competent DH10B cells (LTI). The resulting clone, pAdApt35ff 3, has the expression 

35 cassette from pDPspAdApt3 but contains the Ad35 left ITR and packaging sequences and 
a second fragment corresponding to nucleotides 3401 to 4669 from Ad35. A second 
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version of the Ad3 5 adapter plasmid having the multiple cloning site in the opposite 
orientation was made as follows: 

pIPspAdaptl was digested with Ndel and Bglll and the 0.7 kbp band containing 
part of the CMV promoter, the MCS and SV40 polyA was isolated and inserted in the 
corresponding sites of pAdApt35IP3 generating pAdApt35IPl (Fig. 6). 

pAdApt35.LacZ and pAdApt35.Luc adapter plasmids were then generated by 
inserting the transgenes from pcDNALacZ (digested with Kpnl and BamHI) and 
pAdAptLuc (digested with Hindffl and BamHI) into the corresponding sites in 
pAdApt35IPl. The generation of pcDNAXacZ and pAdApt.Luc is described in 
International Patent Application W099/55132. 

2) Construction of cosmid pWE. Ad3 5 .pDC-rlTR 

FIG. 7 presents the various steps undertaken to construct the cosmid clone 
containing Ad3 5 sequences from bp 3401 to 34794 (end of the right ITR) that are 

described in detail below. 

A first PCR fragment (pDC-Ndel) was generated using the following primer set: 
535F5: 5'-CGG AAT TCG CGG CCG CGG TGA GTA TTG GGA AAA C -3' (SEQ. 
LD. NO. _) 

635R6: 5'-CGC CAG ATC GTC TAC AGA ACA G-3' (SEQ. LD. NO. _J 
DNA polymerase Pwo (Roche) was used according to manufacturer's 
instructions, however, with an end concentration of 0.6 ^iM of both primers and using 50 
ngr wt Ad35 DNA as template. Amplification was done as follows: 2 min. at 94 °C, 30 
cycles of 30 sec. at 94 °C, 30 sec. at 65 °C and 1 min. 45 sec. at 72 °C, followed by 8 min. 
at 68 °C To enable cloning in the TA cloning vector PCR2.1, a last incubation with 1 unit 
superTaq polymerase (HT Biotechnology LTD) for 10 min. at 72 °C was performed. 

The 3370 bp amplified fragment contains Ad35 sequences from bp 3401 to 6772 
with a NotI site added to the 5' end. Fragments were purified using the PCR purification 
kit (LTI). 

A second PCR fragment (Ndel-rlTR) was generated using the following primers: 
735F7: 5'-GAA TGC TGG CTT CAG TTG TAA TC -3' (SEQ. LD. NO. _) 
835R8: 5'- CGG AAT TCG CGG CCG CAT TTA AAT CAT CAT CAA TAA TAT 

ACC-3' (SEQ. LD. NO. ) 

Amplification was done with pfic DNA polymerase (LTI) according to 
manufacturer's instructions but with 0.6 \M of both primers and 3% DMSO using 10 
ngr. of wtAd35 DNA as template. The program was as follows: 3 min. at 94 °C and 5 
cycles of 30 sec. at 94 °C, 45 sec. at 40 °C, 2 min.45 sec. at 68 °C followed by 25 cycles 



WO 02/40665 



22 



PCT/NLO 1/00824 



of 30 sec. at 94 °C, 30 sec. at 60 °C, 2 min.45 sec. at 68 °C. To enable cloning in the TA- 
cloning vector PCR2.1, a last incubation with 1 unit superTaq polymerase for 10 min. at 
72 °C was performed. The 1.6 Id) amplified fragment ranging from nucleotides 33178 to 
the end of the right ITR of Ad35, was purified using the PGR purification kit ( LTI). 
5 Both purified PGR fragments were ligated into the PCR2. 1 vector of the TA- 

cloning kit (Invitrogen) and transformed into STBL-2 competent cells (LTI). Clones 
containing the expected insert were sequenced to confirm correct amplification. Next, 
both fragments were excised from the vector by digestion with NotI and Ndel and 
purified from gel using the GENECLEAN kit (BIO 101, Inc.). Cosmid vectorpWElS 

1 0 (Clontech) was digested with NotI, dephosphorylated and also purified from gel. These 
three fragments were ligated and transformed into STBL2 competent cells (LTI). One of 
the correct clones that contained both PCR fragments was then digested with Ndel, and 
the linear fragment was purified from gel using the GENECLEAN kit. Ad35 wt DNA 
was digested with Ndel and the 26.6 kb fragment was purified from LMP gel using 

15 agarase enzyme (Roche) according to the manufacturer's instructions. These fragments 
were ligated together and packaged using Xl phage packaging extracts (Stratagene) 
according to the manufacturer's protocol. After infection into STBL-2 cells, colonies 
were grown on plates and analysed for presence of the complete insert. One clone with 
the large fragment inserted in the correct orientation and having the correct restriction 

20 patterns after independent digestions with three enzymes (Ncol, PvuII and Seal) was 
selected. This clone is designated pWE.Ad35.pIX-rITR. It contains the Ad35 sequences 
from bp 3401 to the end and is flanked by NotI sites (FIG. 8). 

3) Generation of Ad35 based recombinant viruses on PER.C6. 

25 Wild type Ad35 virus can be grown on PER.C6 packaging cells to very high 

titers. However, whether the Ad5-El region that is present in PER.C6 is able to 
complement El -deleted Ad35 recombinant viruses is unknown. To test this, PER.C6 cells 
were cotransfected with the above described adapter plasmid pAdApt35.LacZ and the 
large backbone fragment pWE.Ad35.pEX-rITR. First, pAdApt35.LacZ was digested with 

30 Pad and pWE Ad35.pIX-rITR was digested with NotI. Without further purification, 4 
jigr of each construct was mixed with DMEM (LTI) and transfected into PER.C6 cells, 
seeded at a density of 5x1 0 6 cells in a T25 flask the day before, using Lipofectamin (LTI) 
according to the manufacturer's instructions. As a positive control, 6jxgr of Pad digested 
pWE.Ad35.pEK-rITR DNA was cotransfected with a 6.7 kb Nhel fragment isolated from 

35 Ad35 wt DNA containing the left end of the viral genome including the El region. The 
next day, medium (DMEM with 10% FBS and lOmM MgCl 2 ) was refreshed and cells 
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were further incubated. At day 2 following the transfection, cells were trypsinized and 
transferred to T80 flasks. The positive control flask showed CPE at five days following 
transfection, showing that the pWE.Ad35.pIX-rITR construct is functional at least in the 
presence of Ad35-El proteins. The transfection with the Ad35 LacZ adapter plasmid and 
5 pWE.Ad35.pK-rITR did not give rise to CPE. These cells were harvested in the medium 
at day 10 and freeze/thawed once to release virus from the cells. 4 ml of the harvested 
material was added to a T80 flask with PER.C6 cells (at 80% confluency) and incubated 
for another five days. This harvest/re-infection was repeated for two times but there was 
no evidence for virus associated CPE. 
10 From this experiment, it seems that the Ad5-El proteins are not, or not well 

enough, capable of complementing Ad35 recombinant viruses, however, it may be that 
the sequence overlap of the adapter plasmid and the pWEAd35.pDC-rITR backbone 
plasmid is not large enough to efficiently recombine and give rise to a recombinant virus 
genome. The positive control transfection was done with a 6.7kb left end fragment and 
15 therefore the sequence overlap was about 3.5kb. The adapter plasmid and the 

pWE.Ad35.pIX-rITR fragment have a sequence overlap of 1 .3kb. To check whether the 
sequence overlap of 1 .3 kb is too small for efficient homologous recombination, a 
cotransfection was done with Pad digested P WE.Ad35.pIX-rITR and a PCR fragment of 
Ad35 wt DNA generated with the above mentioned 35F1 and 35R4 using the same 
20 procedures as previously described herein. The PCR fragment thus contains left end 
sequences up to bp 4669 and, therefore, has the same overlap sequences with 
P WE.Ad35.pIX-rITR as the adapter plasmid pAdApt35.LacZ, but has Ad35 El 
sequences. Following PCR column purification, the DNA was digested with Sail to 
remove possible intact template sequences. A transfection with the digested PCR product 
25 alone served as a negative control. Four days after the transfection, CPE occurred in the 
cells transfected with the PCR product and the Ad35 pIX-riTR fragment, and not in the 
negative control. This result shows that a 1 .3kb overlapping sequence is sufficient to 
generate viruses in the presence of Ad35 El proteins. From these experiments, we 
conclude that the presence of at least one of the Ad35.El proteins is necessary to generate 
30 recombinant Ad3 5 based vectors from plasmid DNA on Ad5 complementing cell lines. 
9 
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Example 5 

1 ) Construction of Ad35 .E 1 expression plasmids 

Since Ad5-El proteins in PER.C6 are incapable of complementing Ad35 
recombinant viruses efficiently, Ad35 El proteins have to be expressed in Ad5 
complementing cells (e.g., PERX6). Alternatively, a new packaging cell line expressing 
Ad35 El proteins has to be made, starting from either diploid primary human cells or 
established cell lines not expressing adenovirus El proteins. To address the first 
possibility, the Ad35 El region was cloned in expression plasmids as described below. 

First, the Ad35 El region from bp 468 to bp 3400 was amplified from wtAd35 
DNA using the following primer set: 

135F1 1: 5'-GGG GTA CCG AAT TCT CGC TAG GGT ATT TAT ACC-3' (SEQ. LD. 
NO._J 

235F10: 5'-GCT CTA GAC CTG CAG GTT AGT CAG TTT CTT CTC CAC TG-3' 
(SEQ. LD. NO. _) 
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This PCR introduces a Kpnl and EcoRI site at the 5' end and an Sbfl and Xbal 
site at the 3' end. 

Amplification on 5 ngr. template DNA was done with Pwo DNA polymerase 
(Roche) using the manufacturer's instructions, however, with both primers at a final 

5 concentration of 0.6 \iM. The program was as follows: 2 min. at 94 °C, 5 cycles of 30 sec. 
at 94 °C, 30 sec. at 56 °C and 2 min. at 72 °C, followed by 25 cycles of 30 sec. at 94°C, 30 
sec. at 60 °C and 2 min. at 72 °C, followed by 10 min. at 72 °C. PCR product was purified 
by a PCR purification kit (LTI) and digested with Kpnl and Xbal. The digested PCR 
fragment was then ligated to the expression vector pRSVhbvNeo (see below) also 

1 0 digested with Kpnl and Xbal. Ligations were transformed into competent STBL-2 cells 
(LTI) according to manufacturer's instructions and colonies were analysed for the correct 
insertion of Ad35El sequences into the polylinker in between the RSV promoter and 
HB V polyA. 

The resulting clone was designated pRSV.Ad35-El (FIG. 9). The Ad35 sequences 
15 in pRSV.Ad35-El were checked by sequence analysis. 

pRSVhbvNeo was generated as follows: pRc-RSV (Invitrogen) was digested with 
PvuII, dephosphorylated with TSAP enzyme (LTI), and the 3kb vector fragment was 
isolated in low melting point agarose (LMP). Plasmid pPGKneopA (FIG. 10; described in 
International Patent Application W096/35798) was digested with Sspl completely to 
20 linearize the plasmid and facilitate partial digestion with PvuII. Following the partial 
digestion with PvuII, the resulting fragments were separated on a LMP agarose gel and 
the 2245 bp PvuII fragment, containing the PGK promoter, neomycin-resistance gene and 
HBVpolyA, was isolated. Both isolated fragments were ligated to give the expression 
vector pRSV-pNeo that now has the original SV40prom-neo-SV40polyA expression 
25 cassette replaced by a PGKprom-neo-HBVpolyA cassette (FIG. 1 1). This plasmid was 
further modified to replace the BGHpA with the HBVpA as follows: pRS VpNeo was 
linearised with Seal and further digested with Xbal. The 1 145 bp fragment, containing 
part of the Amp gene and the RSV promoter sequences and polylinker sequence, was 
isolated from gel using the GeneClean kit (Bio Inc. 101). Next, pRSVpNeo was 
30 linearised with Seal and further digested with EcoRI partially and the 3704 bp fragment 
containing the PGKneo cassette and the vector sequences were isolated from gel as 
above. A third fragment, containing the HBV polyA sequence flanked by Xbal and 
EcoRI at the 5' and 3' end respectively, was then generated by PCR amplification on 
pRSVpNeo using the following primer set: 
35 3HBV-F: 5'- GGC TCT AGA GAT CCT TCG CGG GAC GTC -3' (SEQ. LD. NO. _J 
and 
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4HBV-R: 5'- GGC GAA TTC ACT GCC TTC CAC CAA GC -3' (SEQ. I.D. NO. _). 

Amplification was done with Elongase enzyme (LTI) according to the 
manufacturers instructions with the following conditions: 30 seconds at 94°C, then 5 
cycles of 45 seconds at 94 °C, 1 minute at 42 °C and 1 minute 68 °C> followed by 30 
5 cycles of 45 seconds at 94 °C, 1 minute at 65 °C and 1 minute at 68 °C, followed by 10 
minutes at 68 °C. The 625 bp PCR fragment was then purified using the Qiaquick PCR 
purification kit, digested with EcoRI and Xbal and purified from gel using the 
GENECLEAN kit. The three isolated fragments were ligated and transformed into DH5a 
competent cells (LTI) to give the construct pRSVhbvNeo (FIG. 12). In this construct, the 
1 0 transcription regulatory regions of the RSV expression cassette and the neomycin 
selection marker are modified to reduce overlap with adenoviral vectors that often 
contain CMV and SV40 transcription regulatory sequences. 

2) Generation of Ad35 recombinant viruses on PER.C6 cells cotransfected with an 

15 Ad35-El expression construct . 

PER.C6 cells were seeded at a density of 5 x 10 6 cells in a T25 flask and, the next 
day, transfected with a DNA mixture containing: 
1 \ig pAdApt35.LacZ digested with Pad 
5 p.gpRSV.Ad35El undigested 

20 2 tig pWE.Ad35.pIX-rITR digested with NotI 

Transfection was done using Lipofectamine according to the manufacturer's 
instructions. Five hours after addition of the transfection mixture to the cells, medium 
was removed and replaced by fresh medium. After two days, cells were transferred to 
T80 flasks and further cultured One week post-transfection, 1 ml of the medium was 

25 added to A549 cells and, the following day, cells were stained for LacZ expression. Blue 
cells were clearly visible after two hours of staining indicating that recombinant LacZ 
expressing viruses were produced. The cells were further cultured, but no clear 
appearance of CPE was noted. However, after 12 days, clumps of cells appeared in the 
monolayer and 18 days following transfection, cells were detached. Cells and medium 

30 were then harvested, freeze-thawed once, and 1 ml of the crude lysate was used to infect 
PER.C6 cells in a 6-well plate. Two days after infection, cells were stained for LacZ 
activity. After two hours, 15% of the cells were stained blue. To test for the presence of 
wt and / or replicating competent viruses, A549 cells were infected with these viruses and 
further cultured. No signs of CPE were found indicating the absence of replication 

35 competent viruses. These experiments show that recombinant AdApt35.LacZ viruses 
were made on PER.C6 cells cotransfected with an Ad35-El expression construct. 
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Ad35 recombinant viruses escape neutralization in human serum containing neutralizing 

activity to Ad5 viruses. 

The AdApt35.LacZ viruses were then used to investigate infection in the presence 
of serum that contains neutralizing activity to Ad5 viruses. Purified Ad5-based LacZ 
virus served as a positive control for NA. Hereto, PER.C6 cells were seeded in a 24-wells 
plate at a density of 2x1 0 s cells/well. The next day, a human serum sample with high 
neutralizing activity to Ad5 was diluted in culture medium in five steps of five times 
dilutions. 0.5 ml of diluted serum was then mixed with 4xl0 6 virus particles 
AdAptS.LacZ virus in 0.5 ml medium and after 30 minutes of incubation at 37 °C, 0.5 ml 
of the mixture was added to PER.C6 cells in duplicate. For the AdApt35.LacZ viruses, 
0.5 ml of the diluted serum samples were mixed with 0.5 ml crude lysate containing 
AdApt35.LacZ virus and after incubation 0.5 ml of this mixture was added to PER.C6 
cells in duplo. Virus samples incubated in medium without serum were used as positive 
controls for infection. After two hours of infection at 37 °C, medium was added to reach a 
final volume of 1 ml and cells were further incubated. Two days after infection, cells 
were stained for LacZ activity. The results are shown in Table EL From these results, it is 
clear that whereas AdApt5.LacZ viruses are efficiently neutralized, AdApt35.LacZ 
viruses remain infectious irrespective of the presence of human serum This proves that 
recombinant Ad35-based viruses escape neutralization in human sera that contain NA to 
Ad5-based viruses. 

Example 6 

Generation of cell lines c a pahle of complementing E l -deleted Ad35 viruses 

Generation of pIG135 andpIG270 

Construct pIG.ElA.ElB (FIG. 13) contains El region sequences of Ad5 
corresponding to nucleotides 459 to 3510 of the wt Ad5 sequence (Genbank accession 
number M72360) operatively linked to the human phosphoglycerate kinase promoter 
("PGK") and the Hepatitis B Virus polyA sequences. The generation of this construct is 
described in International Patent Application No. WO97/00326. The El sequences of 
Ad5 were replaced by corresponding sequences of Ad35 as follows. pRSV.Ad35-El 
(described in Example 5) was digested with EcoRI and Sse8387I and the 3 kb fragment 
corresponding to the Ad35 El sequences was isolated from gel. Construct pIG.ElA.ElB 
was digested with Sse8387I completely and partially with EcoRI. The 4.2 kb fragment 
corresponding to vector sequences without the Ad5 El region but retaining the PGK 
promoter were separated from other fragments on LMP agarose gel and the correct band 
was excised from gel. Both obtained fragments were ligated resulting in pIG.Ad35-El. 
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This vector was further modified to remove the LacZ sequences present in the 
pUCl 1 9 vector backbone. Hereto, the vector was digested with BsaAI and BstXI and the 
large fragment was isolated from gel. A double stranded oligo was prepared by annealing 
the following two oligos: 

5 1BB1: 5'-GTG CCT AGG CCA CGG GG-3' (SEQ. I.D. NO. _J and 
2BB2: 5'-GTG GCC TAG GCA C-3' (SEQ. LD. NO. _). 

Ligation of the oligo and the vector fragment resulted in construct pIG135 (FIG. 
14). Correct insertion of the oligo restores the BsaAI and BstXI sites and introduces a 
unique Avrll site. Next, we introduced a unique site at the 3' end of the Ad35-El 

10 expression cassette in pIG135. Hereto, the construct was digested with Sapl and the 3* 
protruding ends were made blunt by treatment with T4 DNA polymerase. The thus 
treated linear plasmid was further digested with BsrGI and the large vector-containing 
fragment was isolated from gel. To restore the 3' end of the HBVpolyA sequence and to 
introduce a unique site, a PCR fragment was generated using the following primers: 

15 3270F: 5'- CAC CTC TGC CTA ATC ATC TC -3> (SEQ. I.D. NO. _) and 

4270R: 5'- GCT CTA GAA ATT CCA CTG CCT TCC ACC -3' (SEQ. I.D. NO. _). 

The PCR was performed on pIG.Ad35.El DNA using Pwo polymerase (Roche) 
according to the manufacturer's instructions. The obtained PCR product was digested 
with BsrGI and dephosphorylated using Tsap enzyme (LTI), the latter to prevent insert 

20 dimerization on the BsrGI site. The PCR fragment and the vector fragment were ligated 
to yield construct pIG270 (FIG. 15). 

Ad35 El sequences are capable of transforming rat primary cells 

New bom WAG/RIJ rats were sacrificed at 1 week of gestation and kidneys were 

25 isolated. After careful removal of the capsule, kidneys were disintegrated into a single 
cell suspension by multiple rounds of incubation in trypsin/EDTA (LTI) at 37 °C and 
collection of floating cells in cold PBS containing 1% FBS. When most of the kidney was 
trypsinized all cells were re-suspended in DMEM supplemented with 10% FBS and 
filtered through a sterile cheesecloth. Baby Rat Kidney (BRK) cells obtained from one 

30 kidney were plated in 5 dishes (Greiner, 6 cm). When a confluency of 70-80% was 
reached, the cells were transfected with 1 or 5 figr DNA/dish using the CaP04 
precipitation kit (LTI) according to the manufacturer's instructions. The following 
constructs were used in separate transfections: pIG.ElA.ElB (expressing the Ad5-El 
region), pRSV.Ad35-El, pIG.Ad35-El andpIG270 (expressing the Ad35-El region). 

35 Cells were incubated at 37 °C, 5% C0 2 until foci of transformed cells appeared. Table III 
shows the number of foci that resulted from several transfection experiments using 
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circular or linear DNA. As expected, the Ad5-El region efficiently transformed BRK 
cells. Foci also appeared in the Ad3S-El transfected cell layer although with lower 
efficiency. The Ad35 transformed foci appeared at a later time point: ~2 weeks post 
transfection compared with 7-10 days for Ad5-El. These experiments clearly show that 

5 the E 1 genes of the B group virus Ad3 5 are capable of transforming primary rodent cells. 
This proves the functionality of the Ad35-El expression constructs and confirms earlier 
findings of the teaiisforming capacity of the B-group viruses Ad3 and Ad7 (Dijkema, 
1979). To test whether the cells in the foci were really transformed a few foci were 
picked and expanded. From the 7 picked foci at least 5 turned out to grow as established 

10 cell lines. 

Generation of new packaging cells derived from primary human amniocytes 

Amniotic fluid obtained after amniocentesis was centrifuged and cells were re- 
suspended in AmnioMax medium (LTI) and cultured in tissue culture flasks at 37 °C and 

15 10 % CO2. When cells were growing nicely (approximately one cell division/24 hrs.), the 
medium was replaced with a 1 :1 mixture of AmnioMax complete medium and DMEM 
low glucose medium (LTI) supplemented with Glutamax I (end concentration 4mM, LTI) 
and glucose (end concentration 4.5 gr/L, LTI) and 10% FBS (LTI). For transfection ~ 
5x10 s cells were plated in 10 cm tissue culture dishes. The day after, cells were 

20 transfected with 20 wgr of circular pIG270/dish using the CaP0 4 transfection kit (LTI) 
according to manufacturer's instructions and cells were incubated overnight with the 
DNA precipitate. The following day, cells were washed 4 times with PBS to remove the 
precipitate and further incubated for over three weeks until foci of transformed cells 
appeared. Once a week the medium was replaced by fresh medium Other transfection 

25 agents like, but not limited to, LipofectAmine (LTI) or PEI (Polyemylenimine, high 

molecular weight, water-free, Aldrich) were used. Of these three agents PEI reached the 
best transfection efficiency on primary human amniocytes: -1% blue cells 48 hrs. 
Following transfection of pAdApt35. LacZ. 

Foci are isolated as follows. The medium is removed and replaced by PBS after 

30 which foci are isolated by gently scraping the cells using a 50-200 ul Gilson pipette with 
a disposable filter tip. Cells contained in -10 uml PBS were brought in a 96 well plate 
containing 15 ^1 trypsin/EDTA (LTI) and a single cell suspension was obtained by 
pipetting up and down and a short incubation at room temperature. After addition of 200 
ul of the above described 1 : 1 mixture of AmnioMax complete medium and DMEM with 
35 supplements and 1 0% FBS, cells were further incubated. Clones that continued to grow 
were expanded and analysed their ability to complement growth of El -deleted adenoviral 
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vectors of different sub-groups, specifically ones derived from B-group viruses 
specifically from Ad35 or Adl 1. 

Generation of new packaging cell lines from HER cells 

HER cells are isolated and cultured in DMEM medium supplemented with 10% 
FBS (LTI). The day before transfection, ~5xl 0 5 cells are plated in 6 cm dishes and 
cultured overnight at 37 °C and 10% C0 2 . Transfection is done using the CaP0 4 
precipitation kit (LTI) according to the manufacturer's instructions. Each dish is 
transfected with 8-10 piagr p IG2 7 0 DNA, either as a circular plasmid or as a purified 
fragment. To obtain the purified fragment, pIG270 was digested with Avrll and Xbal and 
the 4 kb fragment corresponding to the Ad35 El expression cassette was isolated from 
gel by agarase treatment (Roche). The following day, the precipitate is washed away 
carefully by four washes with sterile PBS. Then fresh medium is added and transfected 
cells are further cultured until foci of transformed cells appear. When large enough (>100 
cells) foci are picked and brought into 96-wells as described above. Clones of 
transformed HER cells that continue to grow, are expanded and tested for their ability to 
complement growth of El -deleted adenoviral vectors of different sub-groups specifically 
ones derived from B-group viruses specifically from Ad35 or Adl 1. 

New packaging cell lines derived from PER. C6 

As described in Example 5, it is possible to generate and grow Ad35 El -deleted 
viruses on PER.C6 cells with cotransfection of an Ad35-El expression construct, e.g. 
pRSV.Ad35.El. However, large-scale production of recombinant adenoviruses using this 
method is cumbersome because, for each amplification step, a transfection of the Ad35- 
El construct is needed. In addition, this method increases the risk of non-homologous 
recombination between the plasmid and the virus genome with high chances of 
generation of recombinant viruses that incorporate El sequences resulting in replication 
competent viruses. To avoid this, the expression of Ad35-El proteins in PER.C6 has to 
be mediated by integrated copies of the expression plasmid in the genome. Since PER.C6 
cells are already transformed and express Ad5-El proteins, addition of extra Ad35-El 
expression may be toxic for the cells, however, it is not impossible to stably transfect 
transformed cells with El proteins since Ad5-El expressing A549 cells have been 
generated. 

In an attempt to generate recombinant adenoviruses derived from subgroup B 
virus Ad7, Abrahamsen et al (1997) were not able to generate El -deleted viruses on 293 
cells without contamination of wt Ad7. Viruses that were picked after plaque purification 
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on 293-ORF6 cells (Brough et al y 1996) were shown to have incorporated Ad7 E1B 
sequences by non-homologous recombination. Thus, efficient propagation of Ad7 
recombinant viruses proved possible only in the presence of Ad7-E1B expression and 
Ad5-E4-ORF6 expression. The E1B proteins are known to interact with cellular as well 

5 as viral proteins (Bridge et al, 1993; White, 1995). Possibly, the complex formed 

between the E1B 55K protein and E4-ORF6 which is necessary to increase mRNA export 
of viral proteins and to inhibit export of most cellular mRNAs, is critical and in some way 
serotype specific. The above experiments suggest that the El A proteins of Ad5 are 
capable of complementing an Ad7-E1A deletion and that Ad7-E1B expression in 

10 adenovirus packaging cells on itself is not enough to generate a stable complementing 
cell line. To test whether one or both of die Ad35-E1B proteins is/are the limiting factor 
in efficient Ad35 vector propagation on PER.C6 cells, we have generated an Ad35 
adapter plasmid that does contain the E IB promoter and E1B sequences but lacks the 
promoter and the coding region for El A. Hereto, the left end of wtAd35 DNA was 

1 5 amplified using the primers 35F1 and 35R4 (both described in Example 4) with Pwo 
DNA polymerase (Roche) according to the manufacturer's instructions. The 4.6 kb PCR 
product was purified using the PCR purification kit (LTI) and digested with SnaBl and 
Apal enzymes. The resulting 4.2 kb fragment was then purified from gel using the 
QIAExII kit (Qiagen). Next, pAdApt35IPl (Example 4) was digested with SnaBI and 

20 Apal and the 2.6 kb vector-containing fragment was isolated from gel using the 
GeneClean kit (BIO 101, Inc). Both isolated fragments were ligated to give 
pBr/Ad35.1eftITR-pDC (FIG. 16). Correct amplification during PCR was verified by a 
functionality test as follows: The DNA was digested with BstBI to liberate the Ad35 
insert from vector sequences and 4 jig of this DNA was co-transfected with 4 |ig of 

25 NotI digested pWE/Ad3 5.pDC-rITR (Example 4) into PER.C6 cells. The transfected cells 
were passaged to T80 flasks at day 2 and again two days later CPE had formed showing 
that the new pBr/Ad35.1eftITR-pIX construct contains functional El sequences. The 
pBr/Ad35.1eftTTR-pIX construct was then further modified as follows. The DNA was 
digested with SnaBI and Hindlll and the 5' HindU overhang was filled in using Klenow 

30 enzyme. Religation of the digested DNA and transformation into competent cells (LTI) 
gave construct pBr/Ad3 51eftITR-pIXADE 1 A (FIG. 17). This latter construct contains the 
left end 4.6 kb of Ad35 except for E1A sequences between bp 450 and 1341 (numbering 
according to wtAd35, FIG. 5) and thus lacks the El A promoter and most of the El A 
coding sequences. pBr/Ad35.1eftITR-pIXADE 1 A was then digested with BstBI and 2 ^g 

35 of this construct was co-transfected with 6 |iungr of NotI digested 
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pWE/Ad35 .plX-rlTR (Example 4) into PER.C6 cells. One week following 
transfection full CPE had formed in the transfected flasks. 

This experiment shows that the Ad35-El A proteins are functionally 
complemented by Ad5-El A expression in PER.C6 cells and that at least one of the Ad35- 

5 E1B proteins cannot be complemented by Ad5-El expression in PER.C6. It further 
shows that it is possible to make a complementing cell line for Ad35 El -deleted viruses 
by expressing Ad35-E1B proteins in PER.C6. Stable expression of Ad35-E1B sequences 
from integrated copies in the genome of PER.C6 cells may be driven by the E1B 
promoter and terminated by a heterologous poly-adenylation signal like, but not limited 

10 to, the HBVpA. The heterologous pA signal is necessary to avoid overlap between the 
E1B insert and the recombinant vector, since the natural E1B termination is located in the 
pIX transcription unit that has to be present on the adenoviral vector. Alternatively, the 
E1B sequences maybe driven by a heterologous promoter like, but not limited to the 
human PGK promoter or by an inducible promoter like, but not limited to the 7xtetO 

1 5 promoter (Gossen and Bujard, 1992). Also in these cases the transcription termination is 
mediated by a heterologous pA sequence, e.g. the HBV pA. The Ad35-E1B sequences at 
least comprise one of the coding regions of the E1B 21 K and the E1B 55K proteins 
located between nucleotides 161 1 and 3400 of the wt Ad35 sequence. The insert may also 
include (part of the) Ad35-E1B sequences between nucleotides 1550 and 161 1 of the wt 

20 Ad35 sequence. 

Example 7 

Ad35-based viruses deleted for El A and El B-2 IK genes efficiently propagate on Ad5 
complementing cell lines. 

25 The generation of Ad35-based viruses that are deleted for E1A and retain the full 

E1B region is described in Example 6 of this application. Such viruses can be generated 
and propagated on the Ad5 complementing cell line PER.C6. The E1B region comprises 
partially overlapping coding sequences for the two major proteins 2 IK and 55K (Bos et 
a/., 198 1). Whereas during productive wt adenoviral infection both 21K and 55K are 

30 involved in counteracting the apoptose-inducing effects of El A proteins, the E1B 55K 
protein has been suggested to have additional functions during the late phase of virus 
infection. These include the accumulation of viral mRNAs, the control of late viral gene 
expression and the shutoff of most host mRNAs at the level of mRNA transport (Babiss 
et al. t 1984, 1985; Pilder et al. 9 1986). A complex formed between E1B-55K and the 

35 ORF6 protein encoded by the adenovirus early region 4 (Leppard and Shenk, 1 989; 
Bridge and Ketner, 1990) exerts at least part of these functions. 
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To analyze which of the E1B proteins is required for propagation of Ad35-E1A 
deleted recombinant viruses on PER.C6 packaging cells, the E1B region in construct 
pBr.Ad35.1eftITR.-pIXAElA (see Example 6 and FIG. 17) was further deleted. A first 
construct, pBr.Ad35A2 IK, retains the full E1B-55K sequence and is deleted for E1A 
5 and E1B-21K. Hereto, pBrAd35.1eftITR-pIXAElA was digested with Ncol and BspEl 
and the 5 KB vector fragment was isolated from agarose gel using die geneclean kit (BIO 
101 , Inc.) according to the manufacturer's instructions. Then a PCR fragment was 
generated with pBr.Ad35.1eftITR-pIXAE 1A as template DNA using the following 
primers: 

10 135D21: 5'- TTA GAT CCA TGG ATC CCG CAG ACT C-3' (SEQ. I.D. NO. _J and 
235B3: 5'- CCT CAG CCC CAT TTC CAG-3' (SEQ. I.D. NO. _). 
3 Amplification was done using Pwo DNA polymerase (Roche) according to 
manufacturer's recommendations with the addition of DMSO (final concentration 3%) in 
the reaction mixture. The PCR program was as follows: 94°C for 2', then 30 cycles of 

15 94°C for 30", 58°C for 30" and 72°C for 45" and a final step at 68°C for 8' to ensure 

* 

blunt ends. 

This PCR amplifies Ad35-E1B sequences from nucl. 1908 to 2528 (sequence 
Ad35, FIG. 5) and introduces an Ncol site at the start codon of the E1B-55K coding 
sequence (bold in primer 35D21). The 620 bp PCR fragment was purified using the PCR 
20 purification kit (Qiagen) and then digested with Ncol and BspEI, purified from agarose 
gel as above and ligated to the above described NcoI/BspEl digested vector fragment to 
givepBr.Ad35A21K (FIG. 18). 

Since the coding regions of the 21 K and 55K proteins overlap, it is only possible 
delete part of the 55K coding sequences while retaining 21K. Hereto, pBr.Ad35.1eftITR- 
25 pDCAE 1 A was digested with Bglll and the vector fragment was religated to give 

pBr.Ad35A55Kl (FIG. 19). This deletion removes E1B coding sequences from nucl. 
2261 to 3330 (Ad35 sequence in FIG. 5). In this construct the N-terminal 115 amino 
acids are retained and become fused to 21 additional amino acids out of the proper 
reading frame before a stop codon is encountered. The 21 K coding region is intact in 
30 construct pBr.Ad3 5 A5 5 Kl . 

A third construct that has a deletion of El A, 21K and most of the 55K sequences 
was generated as follows. pBr.Ad35.1eftITR-pIX (FIG. 16) was digested with SnaBI and 
Mfel (isoschizomer of Muni) and the 5' overhang resulting from the Mfel digestion was 
filled in using Klenow enzyme. The 4.4 kb vector fragment was isolated from gel using 
35 the geneclean kit (Bio 101, Inc.) according to the manufacturer's instructions and 
religated to give construct pBr.Ad35ASM (FIG. 20). In this construct, the Ad35 
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sequences between nucl. 453 and 2804 are deleted thus 596 nucl. of the 3' end of Elb- 
55K are retained. A further deletion of 55K sequences was made in construct 
pBr.Ad35AE 1A. AE1B by digestion of pBr.Ad35.1efUTR-pIX with SnaBI and Bglll, 
Klenow treatment to fill in the Bgin cohesive ends, and religation. FIG. 21 shows a 

5 schematic representation of the above mentioned constructs. 

To test whether Ad35-based viruses can be generated with these constructs, each 
of the constructs was cotransfected with NotI digested pWE.Ad35pIX-rITR (see Example 
4) onto PER.C6 cells. Hereto, the respective fragments were PCR amplified using 
primers 35F1 and 35R4 (see, Example 4). This PCR amplification was done since some 

10 of the constructs were difficult to isolate in large enough quantities. In this way, equal 
quality of the different adapter fragments was ensured. For the amplification Pwo DNA 
polymerase (Roche) was used according to the manufacturer's instructions but with 
DMSO (3% final concentration)added to the PCR mixture. Of each template ~ 50 ng 
DNA was used. The conditions for the PCR were as follows: 94°C for 2\ then 5 cycles of 

15 94°C for 30", 48°C for 45" and 72°C for 4' followed by 25 cycles of 94°C for 30", 
60°C for 30' ' and 72°C for 4' and a final step at 68°C for 8'. 
4PCR fragments were generated from pBr.Ad351eftITR-pIX, pBr.Ad35.1eftITR- 
pIXAElA, pBr.Ad35A21K, pBr , Ad35A55Kl, pBr . Ad35ASM and 
pBr . Ad3 5 AE 1 AAE IB. All fragments were using the PCR purification kit (Qiagen) 

20 according to manufacturer's instructions and final concentrations were estimated on EtBr 
stained agarose gel using the Eagle Eye II Still Video system and EagleSight software 
(Stratagene) with the SmartLadder molecular weight marker (Eurogentec) as reference. 
PER.C6 cells were seeded at a density of 2.5x1 0 6 cells in a T25 culturing flask in DMEM 
containing 10% fetal calf serum (FCS) and lOmM MgS0 4 and cultured in a humidified 

25 stove at 37°C, 10% C0 2 . The next day, 3 mg of each of the PCR fragments was 
cotransfected with 5 |igr NotI digested pWE .Ad35pIX-rITR using 
LipofectAmine (GIBCO, Life Technologies Inc.) according to the manufacturer's 
instructions. Two days after the transfection, all cells were passed to a T80 flask and 
further cultured. Cultures were then monitored for the appearance of CPE. In line with 

30 the outcome of previous experiments described in Examples 4 and 6, pBr.Ad35.1eftITR- 
pIX and pBr. Ad35.1eftITR-pIXAE 1 A showed almost full CPE within one week 
following transfection. Of the fragments with different E1B deletions only 
pBr.Ad35A2 IK showed CPE at the same time as the above two fragments. Constructs 
pBr.Ad35A55Kl, pBr . Ad35ASM and pBr . Ad35AElAAElB did not give CPE at 

35 all, also not after harvesting by freeze-thawing and re-infection of the crude lysate onto 
fresh PER.C6 cells. 
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From these experiments, it can be concluded that Ad35-E1B-55K, and not E1B- 
2 IK, is necessary for generation and propagation of Ad35-based viruses on Ad5 
complementing cell lines. Therefore, Ad35-based viruses having a deletion of the E1A 
and E1B 21K genes and having the E1B-55K gene or a functional fragment thereof, can 

5 be grown on Ad5 complementing cell lines. Alternatively, Ad35-based viruses can be 
grown on PER.C6 cells that stably express the full E1B region or the E1B-55K gene or a 
functional fragment thereof. The Ad35 E1B-55K gene or functional parts thereof may be 
expressed from a heterologous promoter, like, but not limited to, the human PGK 
promoter, the human cytomegalovirus immediate early promoter (CMV), Rous sarcoma 

1 0 virus promoter, etc. and terminated by a heterologous poly adenylation sequence (pA), 
like but not limited to the hepatitis B virus poly adenylation sequence (HBVpA), the 
Simian Virus 40 poly adenylation sequence (SV40pA), etc. As non-limiting examples 
PER.C6 cells that express the Ad35-E1B region driven by the E1B promoter and 
HBVpA, PER.C6 cells that express the Ad35-E1B region driven by the human PGK 

15 promoter and HBVpA and PER.C6 cells that express a functional fragment of Ad35 E1B- 
55K driven by the human PGK promoter and HBVpA are described below. 

Generation ofpIG35BL and pIG35BS 

We describe the generation of two expression constructs, pIG.35BS and 

20 pIG.35BL, that both carry the Ad35-E1B genes and a neomycin selection marker. The 
two constructs differ in the length of the fragment containing the E1B promoter. In 35BL 
the promoter fragment is longer and includes the 3' end of the E1A region (103 nucl. 
coding sequence and pA). The E1B region is terminated by the HBVpolyA, the neo r 
gene is driven by a hPGKpromoter/HBVpA cassette. 

25 pIG.35BL was made as follows. Construct pRSV.Ad35E 1 (described in Example 5, FIG. 
9) was digested with Nrul and Hindlll and the protruding ends were filled in by Klenow 
treatment. The 7 kb vector fragment was separated from the smaller fragment on gel and 
isolated using the geneclean kit (BIO 101, Inc.). After religation of the DNA and 
transformation into competent STBL2 cells (Gibco, LTI) correct clones were isolated. 

30 pIG.35BL (FIG. 22) contains 273 nucl. upstream of the start site of the E1B-21K coding 
region. 

pIG.35BS was made in the same way as pIG.35BL except that pRSV.Ad35El was 
digested with Nrul and Hpal (both enzymes leave blunt ends), resulting in a shorter 
fragment upstream of the coding region of E1B-21K: 97 nucleotides. 
35 To generate A435-E1B expressing cells, PER.C6 cells were seeded in 10 cm dishes at 
IxlO 6 cells/dish. Two days later cells were transfected with Seal linearised constructs. 
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Four dishes were transfected with 1 and four with 2 jag DNA (total of 16 dishes; 
Lipofectamine (Gibco, LTI), no carrier DNA used) according to the manufacturer's 
instructions. The next day, transfected cells received G418-containing medium (0.75 
mg/ml). Control transfections using LacZ expression constructs (2 \xg ) were stained 
5 after 48 hrs and showed a transfection efficiency of -25%. Four days following addition 
of selection medium untransfected cells started to die and again three days later clones 
were becoming visible. A week later, the first clones were picked. Transfection with 1 jig 
resulted in less and also initially smaller clones (total -20 clones/dish against >50 
clones/dish for the transfection with 2 \iq DNA). The positive control transfection using 
10 2 \xq pcDNA3 (Invitrogen) resulted in - 50 clones. 

In total, 120 clones were picked and 107 were succesfully established (55 from pIG35BS 
and 52 frompIG35BL). 

Generation of pIG35Bneo 

15 pIG35Bneo is an Ad35-E1B expression plasmid from which the E1B genes are 

expressed from a heterologous promoter (hPGK) and that also contains a neomycin 
resistance expression cassette. To avoid instability of the plasmid due to recombination 
events on homologous sequences, the RSV promoter drives the neo r gene. To achieve 
this, construct pRSVhbv.Neo (described in Example 5, FIG. 12) was digested with Seal 

20 and BamHI and protruding ends were filled in using Klenow enzyme. The 1 070 bp 

fragment containing part of the Ampicilin gene and the RSV promoter was isolated from 
gel using the geneclean kit (BIO 101, Inc.). Next, pRSVhbvNeo was digested with Seal 
and EcoRI, blunted with Klenow and the 3.2 kb fragment containing the neo gene, 
HBVpA, vector and part of the Ampicilin gene was isolated as above. The two fragments 

25 were then ligated to give pRSVneo4 (FIG. 23). Construct pIG270 (FIG. 1 5, described in 
Example 6) was then digested with EcoRI and Ncol and sticky ends were blunted with 
Klenow enzyme. The vector-containing fragment was isolated from gel as described 
above and religated to give pIG270delEl A. This construct was digested with Avrll and 
Xbal and protruding ends were filled in using Klenow enzyme. The 2.9 kb fragment 

30 containing the hPGK promoter and Ad35.ElB sequences was isolated from gel as above. 
Next, pRSVneo4 was digested with Bglll, blunted with Klenow enzyme, 
dephosphorylated and isolated from gel. The blunted Avrll/Xbal Ad35.ElB fragment 
was then ligated with the above prepared pRSVneo4 vector fragment and resulting clones 
were analysed. One clone that contained both expression cassettes in the same 

35 orientation was choosen and named pIG35Bneo (FIG. 24). Detailed analysis of this clone 
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revealed that an extra BgLH site was present probably due to an incomplete Klenow 
reaction (Bglll site at nucl 2949 in FIG. 24). 

Generation ofpIG35.55K 
5 Construct pIG35.55K is similar to pIG35Bneo, however, it lacks the coding 

region of Ad35.ElB-21K. Hereto, both the E1A and E1B-21K sequences are first deleted 

frompIG270 as follows: 

Construct pIG270 is digested with EcoRI, treated with Klenow enzyme and 

purified using a PCR purification kit (Qiagen) according to the manufacturer's 
10 instructions. The recovered DNA is then digested with Agel and the ~5 kb vector 

fragment was isolated from gel as above. Next, Ad35 E1B-55K sequences sre amplified 

by PCR on pIG270 template DNA using the following primers: 

535D21: 5'- TTA GAT CCA TGG ATC CCG CAG ACT C-3* (SEQ. LD. NO. _) and 

635B3: 5'- CCT CAG CCC CAT TTC CAG-3* (SEQ. LD. NO. _). 
15 The conditions used for the amplification are as previously described. The PCR fragment 

is purified using the PCR purification kit (Qiagen) and digested with Ncol. Following 

Klenow treatment to fill in the protruding ends, the DNA is further digested with Agel 

and again column purified. The thus treated PCR fragment is then cloned into the above 

prepared EcoRI/Agel digested vector fragment to give pIG270.AE 1AA2 IK. The last 
20 steps to obtain pIG35.55K (FIG. 25) are equivalent to the last steps described above for 

the generation of pIG3 5Bneo starting with pIG270.AE 1 AA2 1 K instead of 

pIG270.AElA. 

pIG35.55K is then linearized with Seal and used to transfect PER.C6 cells as 
described above. Clones that are resistent to G418 selection are picked and analysed for 
25 their ability to complement the propagation of El-deleted Ad35 viruses. 

Example 8 

New packaging cell lines for the generation and propagation of El-deleted Ad35- 
based vectors derived from primary human cells. 

30 The complete morphological transformation of primary cells by adenovirus El 

genes is the result of the combined activities of the proteins encoded by the El A and E1B 
regions. The roles of the different El proteins in lytic infection and in transformation 
have been studied extensively (reviewed in Zantema and van der Eb, 1995; White, 1995, 
1996). The adenovirus El A proteins are essential for transformation of primary cells. 

35 The El A proteins exert this effect through direct interaction with a number of cellular 
proteins that are involved in regulation of transcription. These include the pRB family of 
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proteins, p300/CBP and TATA binding protein. In addition to this El A increases the 
level of p53 protein in the cells. In the absence of adenovirus E1B activity the rise in p53 
levels leads to the induction of apoptosis. Both proteins encoded by the E1B region 
counteract the induction of apoptosis although by different mechanisms. E1B-21K seems 

5 to counteract apoptosis in a manner similar to Bcl-2 via interaction with the effector 
proteins downstream in the apoptosis pathway (Han et al 9 1996), whereas E1B-55K 
functions through direct interaction with p53. Importantly, the molecular mechanism by 
which the E1B-55K proteins of Ad2 and 5 (subgroup C) and Adl2 (subgroup A) function 
in the ability to neutralise p53 may differ. Whereas Ad5 E1B-55K binds p53 strongly 

10 and the complex localises to the cytoplasm, Adl2 E1B-55K binds p53 weakly and both 
proteins are localised in the nucleus (Zantema et aL, 1985; Grand et aL, 1999). Both 
proteins, however, inhibit the transactivation of other genes by p53 (Yew and Berk, 
1992). 

In rodent cells, the activity of El A together with either E1B-21K or 55K is 

1 5 sufficient for full transformation although expression of both E1B proteins together is 
twice as efficient (Rao et aL, 1992; ). In human cells however, the activity of the E1B- 
55K protein seems to be more important given the observation that E1B-55K is 
indispensible for the establishment of transformed cells (Gallimore, 1986). 
Example 6 hereof describes the generation of pIG270. In this construct the Ad35-El 

20 genes are expressed from the hPGK promoter and transcription is terminated by the 
HBVpA. The hPGK promoter constitutes a HincII-EcoRI fragment of the promoter 
sequence described by Singer-Sam et aL (1984). The HBVpA is located in a BamHI- 
Bglll fragment of the Hepatitis B virus genome (Simonsen and Levinson, 1983; see also 
Genbank HBV-AF090841). As mentioned before, the promoter and polyadenylation 

25 sequences of the El expression constructs described in this invention may be derived 
from other sources whithout departing from the invention. Also, other functional 
fragments of the hPGK and HBVpA sequences mentioned above may be used. 

The functionality of pIG270 was shown by transformation of primary Baby Rat 
Kidney cells (BRK). Comparison with an equivalent Ad5-El expression construct 

30 learned that Ad35-El genes were less efficient in transforming these cells. The same has 
been found for the El genes of Adl2 (Bernards et aL, 1982). 

It is unclear which El protein(s) determine(s) the difference in transformation 
efficiency of El sequences observed for adenoviruses from different subgroups. In the 
case of Adl2, transfection studies with chimeric E1A/E1B genes suggested that the 

35 efficiency of transformation of BRK cells was determined by the E 1 A proteins (Bernards 
et aL, 1982). The E1B-55K protein is shown infra to contain serotype-specific functions 
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necessary for complementation of El -deleted adenoviruses. If these functions are related 
to the regulation of mRNA distribution or another late viral function, it is unlikely that 
these are involved in the transformation efficiency. 

Analysis of functional domains in the Ad2 or Ad5 E1B-55K proteins using 

5 insertion mutants have revealed that functions related to viral replication, late protein 
synthesis and host protein shut-off are not confined to specific domains but are 
distributed along the protein (Yew et al, 1990). Using the same set of mutants, the 
domains important for interaction with p53 and E4-Orf6 were found to be more 
restricted. In addition to one common binding region (amino acids 262 to 326), p53 

1 o binding was affected by mutations at aa 1 80 and E4-Orf5 binding was affected by 
mutations at aa 143 (Yew and Berk, 1992; Rubenwolf et al. 9 1997). 

Altogether these results indicate that it is difficult to separate the E1B-55K 
functions related to transformation (p53 binding) and late protein synthesis (Orf6 
binding). 

15 The invention discloses new El constructs that combine the high efficiency of 

transformation of one serotype with the serotype-specific complementation function of 
another serotype. These new constructs are used to transform primary human embryonic 
retinoblast cells and human amniocytes. 

20 The generation of pIG535, pIG635 and pIG735 

Construct pIG535 contains the Ad5 El A region and E1B promoter sequences 
linked to the Ad35 E1B sequences. Hereto, pIG270 (FIG. 15; see example 6) was 
digested with EcoRI and Ncol. The 5.3 kb vector fragment was then isolated from gel 
using the geneclean kit (BIO Inc. 101) according to the instructions of the manufacturer. 

25 Next, construct pIG.El A.E1B (FIG. 13; see example 6) was digested with EcoRI and 
Xbal and the resulting 890 bp fragment was isolated as above. A third fragment was 
generated by PCR amplification on pIG.ElA.ElB using the following primers: 
15E1A-F: 5'- GAG ACG CCC GAC ATC ACC TG -3' (SEQ. ID. NO. _) and 
25E1B-R: 5'- CAA GCC TCC ATG GGG TCA GAT GTA AC -3' (SEQ. LD. NO. _). 

30 3The following PCR program was used: 94°C for 2' followed by 30 cycles of 94°C for 
30", 60 °C for 30" and 72 °C for 1\ and a final step at 72°C for 10' to ensure blunt ends. 

The resulting 400 bp PCR fragment was digested with Xbal and Ncol. After gel 
isolation as above, the three fragments were ligated and transformed into STBL-2 
bacteria. One colony containing all three fragments in the correct order was selected and 

35 designated pIG535 (FIG. 26). 
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Construct pIG635 contains the Ad5 E1A and a chimeric Ad5-Ad35 E1B region 
such that the 2 IK sequence is essentially from Ad5 and linked to the Ad35 E1B-55K 
sequences as far as not overlapping with the 21 K sequences. First, part of the Ad5 El 
sequences are amplified by PCR using pIG.ElA.ElB as template and the following 
5 primers: 

45AK: 5'- GAG CGA AGA AAC CCA TCT GAG -3* (SEQ. I.D. NO. _) and 
521 55R: 5'- GGT CCA GGC CGG CTC TCG G -3' (SEQ. LD. NO. _). Amplification 
is accomplished with Pwo DNA polymerase (Roche) according to manufacturer's 
instructions. The 210 bp fragments is then purified from the primer sequences using the 
1 0 PCR purification kit (Qiagen). 

A second PCR fragment is amplified from pIG270 DNA as described above but 
with the following primers: 

62155F: 5'- CCG AGA GCC GGC CTG GAC -3' (SEQ. I.D. NO. _J and 

735F10: 5'- GCT CTA GAC CTG CAG GTT AGT CAG TTT CTT CTC CAC TG -3' 

15 (SEQ. LD. NO. _). 

The 1.3 kb amplified fragment is purified as above and mixed in a 1 : 1 molar ratio 
with the first PCR fragment. The mixture is then first subjected to a PCR reaction 
without the addition of primers using Pwo DNA polymerase and the following program: 
94 °C for 2' and then 5 cycles of 94°C for 30", 60 °C for 30", 72 °C for 90". 

20 Subsequently, primers 5AK and 35F10 are added at 0.6 jaM concentration after which a 
last PCR amplifies a 1.5 kb fragment. Hereto, temperature was set as follows: 94 °C for 
2\ then 30 cycles of 94 °C for 30", 60°C for 30" and 72 °C for 90", followed by a final 
step at 72°C for 10' to ensure blunt ends. The resulting product is purified using the PCR 
purification kit (Qiagen) as above and digested with Kpnl and Sbfl (isoschizomer of 

25 Sse8387I). The digested DNA is then isolated from gel using the geneclean kit (BIO 
Inc., 101). Construct pIG.ElA.ElB is digested with Kpnl and Sbfl and the vector- 
containing fragment is isolated from gel as above. This fragment is ligated to the above 
prepared final PCR product and the ligation mixture is transformed into STBL-2 cells 
(Gibco, LTI) according to manufacturer's instructions. This gives construct pIG635 (Fig. 

30 27). 

In construct pIG735, the border between Ad5 derived sequences and Ad35 
derived sequences is located more 3' than in construct pIG635. First, a BspEI site is 
introduced in the Ad5 sequence of construct pIG.ElA.ElB without changing the amino 
acid sequence. Hereto, Ad5 sequences from pIG.ElA.ElB are amplified using the 
35 following PCR primers: 
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5AK: see above, and Bsp-R: 5'- GCT CTA GAC CTG CAG GGT AGC AAC 
AAT TCC GGA TAT TTA CAA G -3' (SEQ. LD. NO. _). Amplification is 
accomplished using Pwo DNA polymerase (Roche) according to the manufacturer's 
instruction. The following PCR program is used: 94°C for V followed by 30 cycles of 
94°C for 30", 60 °C for 30' • and 72 °C for 30' and a final step at 72°C for 10' to ensure 
blunt ends. The resulting 0.6 kb fragment is purified as above and digested with Kpnl 
and Sbfl and ligated to the above described KpnI/Sbfl digested pIG.ElA.ElB vector 
fragment. Selection of colonies after transformation of STBL-2 bacteria (Life Techn. 
Inc.) gives construct pIG.ElA55K. pIG.ElA55K is then digested with Sbfl and 
partially with BspEI. The 6.4 kb Sbfl-partial BspEI digested vector fragment is then 
isolated from gel using the geneclean kit (BIO 101, Inc.). Next, pIG270 is digested with 
BspEI and Sbfl and the resulting 915 bp fragment is isolated from gel as above. This 
fragment is then ligated to the above prepared Sbfl/partial BspEI digested pIG.ElA55K 
vector fragment and transformed into STBL-2 competent cells. This gives construct 
pIG735 (FIG. 28). Clones are analysed by restriction enzyme digestion and sequencing to 
ensure correct ligation of the fragments. Constructs pIG535, pIG635 and pIG735 can be 
used to generate complementing cell lines from primary human cells as described in 
Example 6. 

20 Example 9 

PER.C6-based complementing cell lines for El -deleted Ad35 viruses. 
PER.C6 cells were seeded in 10 cm culture dishes at a density of 3x1 0 6 cells/dish in 
DMEM (Gibco BRL) complemented with FBS (Gibco BRL) up to 10% and lOmM 
MgCl 2 (4.9 M stock solution, Sigma). Two days later, 9 dishes were transfected with 1 |J.g 

25 Seal linearised pIG35.55K DNA (see example 7) and 9 dishes were transfected with 1.5 
\ig Seal linearised pIG35.55K DNA. Separate control dishes were transfected with 1 or 
1.5 jjtg Seal linearised pAdApt35.LacZ to monitor transfection efficiency and with 1 or 
1.5 jxg Seal linearised pcDNA.nlsLacZ. pcDNA.nlsLacZ is a pcDNA3-based plasmid 
(Invitrogen) with the nlsLacZ gene (Bonnerot et al., 1987) driven by the CMV promoter. 

30 pcDNA.nlsLacZ also contains a neo r expression cassette. As a negative control one extra 
dish was transfected with linearised pAdApt35.LacZ, a construct that lacks the neo r 
selection gene. All transfections were performed with the LipofectAmine transfection kit 
(Invitrogen/Life Technologies) according to manufacturers instructions using 5 ml 
LipofectAmine reagent/jag DNA. Cells were incubated for 4 hrs with the transfection 

35 mixture after which the medium was replaced with PER.C6 culture medium. The next 
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day medium was replaced with culture medium containing 0.5 mg/ml G41 8 (Gibco BRL) 
except in the two dishes that were transfected with 1 or 1 .5 \ig pAdApt35.LacZ. These 
latter dishes were used to monitor LacZ expression two days following transfection. After 
X-gal staining of these cultures transfection efficiency was estimated at approximately 

5 40% with slightly more blue cells in the dish transfected with 1 .5 ^ig DNA. Selection 
medium was refreshed twice weekly in the remaining transfected dishes. Within two 
weeks following first addition of selection medium most cells in the negative control 
dish (transfected with 1.5 jig pAdApt35.LacZ) were dead. In the dishes transfected with 
pcDNA.nlsLacZ cell clones were becoming visible. Since the cells transfected with 

10 pIG35.55K seemed to be more resistent to G418, the concentration was raised to 0.75 
mg/ml 3 weeks following transfection. Three days and seven days later a total of 196 cell 
clones were picked from the dishes transfected with pIG35.55K and seeded in separate 
wells of 96-well plates. 

1 5 Cells remaining after colony picking of two 1 0 cm dishes of the transfection with 1 \ig 
pIG35.55K DNA were trypsinised, pooled and expanded to give pool PER55K(1 .0) The 
same was done for two dishes of the 1.5 |xg transfection. The PER55K(1 .0) cell pool was 
expanded and seeded in 4 T25 flasks at a density of 3.5x1 0 6 cells/flask for transfection to 
test virus generation. In addition, 3 T25 flasks with parental PER.C6 cells were seeded at 

20 the same density. pAdApt35.eGFP (an adapter plasmid containing the green fluorescent 
protein as marker gene; see example 4) was digested with Pad to liberate the adenoviral 
sequences from the plasmid backbone. pWE.Ad35.pDC-rITR (see example 4) was 
digested with NotI to liberate the adenoviral sequences from the cosmid backbone. 2 
flasks with PER.C6 cells and 2 flasks with PER55K(1.0) cells were transfected with 2 fig 

25 digested pAdApt35.eGFP and 6 \ig digested pWE.Ad35.pIX-rITR each. One flask of 
each cell line was transfected with 8 jttg pAdApt35.LacZ to monitor transfection 
efficiency. The remaining flask with PER55K(1.0) cells served as a negative control and 
was treated as the others but did not receive the transfection mixture. All transfections 
were performed with LipofectAmine (Invitrogen/Life Techn.) according to manufacturers 

30 instructions using for each transfection a total of 8 pg DNA and 40 \xl LipofectAmine 
reagent. The transfection mixture was removed after 4 hrs incubation and fresh culture 
medium was added. Transfections were done the day after seeding of the cells and again 
two days later cells in the T25 flasks were transferred to a T80 flask except for the LacZ 
control transfections. These were stained with X-gal solution after mild fixation. After 

35 five hours incubation with staining solution, the percentage of blue cells was estimated at 
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approximately 90% in both flasks showing that transfection went well for both cell lines. 
Four days following the passage to the T80 flasks the transfected PER55K(1 .0) cultures 
showed starting CPE (cytopathogenic effect, indicative of virus replication) with 
approximately 100 events/flask. The untransfected PER55K(1.0) cells were grown 
confluent with no evidence of CPE. In the transfected PER.C6 cultures only three CPE 
events were visible in the confluent monolayer of cells. Again three days later, the 
transfected PER55K(1.0) cultures showed full CPE, with all cells rounded and detached 
in clumbs. In contrast, in the PER.C6 cultures the few events of CPE had not progressed 
and cells were still in monolayer. This confirms earlier observations that generation of 
El -deleted Ad35-based viruses on PER.C6 is very inefficient. Also the untransfected 
PER55K(1.0) cultures showed, as expected, a confluent monolayer with no CPE. The 
cells and medium in the PER55K(1.0) flasks with full CPE were harvested and subjected 
to two freeze/thaw cycles after which the cell debris was removed by centrifugation at 
3000 rpm for 10 minutes in a table centrifuge. One of the resulting crude lysates was used 
15 to infect a fresh culture of PER55K(1.0) cells in a T175 flask (1.5 ml/flask). Cells and 
medium were harvested at full CPE four days later. This shows that infectious virus had 
formed in the initial transfections. GFP expression was confirmed by fluorescent 
microscopy of A549 cells infected with the crude lysate. The crude lysate was then used 
to analyse complementation of this El-deleted Ad35.AdApt.eGFP virus in the individual 
20 clones as described below. 

The above described clones that were picked from the pIG35.55K transfected PER.C6 
cells were expanded and were functionally tested for the ability to sustain replication of 
Ad35.AdApt.eGFP. Hereto, the clones were seeded at two densities in 6-well plates and 
25 one day later infected with 1 5 ml of the above described crude lysate. CPE was 

monitored the day after. Of the 146 clones tested in this way 19 gave full CPE at day 2 or 
3 and 68 gave full CPE at day 5 or 6. The remaining clones had only partial CPE or 
showed a few non-progressing events. The latter were indistinguishable from PER.C6 
cells that were taken along as a negative control. 

30 Based on these results a selection of 24 clones was made that were further screened for 
the ability to generate recombinant El -deleted viruses following transfection of the 
pAdApt35.GFP adapter plasmid and the large pWE.Ad35.pDt-rITR cosmid clone. 
Hereto, clones were plated in T25 flasks and transfected with 2 p.g of the adapter and 6 
^g of the backbone plasmid using LipofectAmine as described above. Two days - 

35 following the transfection, cells were transferred to T80 flasks to prevent overconfluency 
of the cultures. Of the 24 clones 5 gave full CPE three days after passage to T80 and 
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another 13 clones gave progressing to full CPE the day after. The remaining 6 clones 
showed no CPE or only starting. In comparison: routine generation of El -deleted Ad5 
vectors on PER.C6 cells generally results in fiill CPE four to six days after transfer to T80 
flasks. 

5 This shows that the new clones efficiently complement El -deleted adenovirus vectors. 
One of the clones (clone #16) described above was used to generate and produce multiple 
batches of El and E1/E3 deleted Ad35 viruses containing different transgenes. Hereto, 
virus in crude lysates resulting from transfections as described above, but using different 
adapter plasmids, were plaque purified on the new cell line. Single plaques were tested 

10 for transgene activity and then amplified for medium scale production in 4-8 triple layer 
flasks (3x175 cm/flask). Cells were harvested at full CPE and the virus was released and 
purified as routinely done for adenoviruses and described in example 1 . The extraction 
step with frepn to remove cellular debris was, however, replaced by a centrifugation step. 
Thus after incubation with Dnasel, the cell debris was centrifugated in conical 50 ml 

1 5 tubes (Greiner) at 8000 rpm in a table top centrifuge (Beckman Coulter Allegra 21R with 
fixed angle rotor) for 30 minutes at 4°C. This step is repeated in a fresh 50 ml tube untill 
the supernatant was clear (usually one time). The amount of virus particles was 
determined by HPLC (Shabram et al, 1997). Table IV presents the yields after 
downstream processing of medium scale productions of El- and El/E3-deleted Ad35 

20 viruses on triple layer flasks with PER55K clone #16 cells. The amount of purified virus 
particles is comparable with the yields of Ad5-based vectors on PER.C6 cells. 

We conclude that we have generated multiple cell lines that efficiently complement fully 
El-deleted Ad35-based vectors. Thus, Ad35 E1B-55K expression in an Ad5 
25 complementing cell line facilitates replication of Ad35 vectors. 

Example 10 

New complementing cell lines from primary cells 

30 Example 8 described the generation of construct pIG535, a hybrid AdSEl A-Ad35 E1B 
expression plasmid. pCC536s and pIG536 are also hybrid Ad5-Ad35 El constructs but 
with the El A region, E1B promoter and most of the E1B-19K gene derived from Ad5 
and most of the E1B-55K gene derived from Ad35. Constructs pCC536s and pIG536 
differ only in the heterologous poly adenylation sequence that terminates the E1B 

35 transcript: pIG536 has the HBV pA sequence and pCC536s has a synthetic pA sequence 
(SpA). The SpA sequence consists of the upstream sequence element (USE) of the human 
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C2 complement gene (Moreira et al., 1995) and the synthetic pA sequence (SPA) 
described by Levitt et aL, 1989. 

The synthetic polyA sequence is build up using the following oligo's: 
C2SPA-1: 5'- CCC TGC AGG GAC TTG ACT CAT GCT TGT TTC ACT TTC ACA 
5 TGG AAT TTC CCA GTT ATG AAA TT A ATA AAG -3 ■ 

C2SPA-2: 5'- GTC TAG ACA CAC AAA AAA CCA ACA CAC TAT TGC AAT GAA 
AAT AAA TTTCCT TT A TTA ATT TC A TAA CTG -3 * 

Oligonucleotides were mixed at 10|iM concentration in lx annealing buffer (lOmM Tris 
10 HC1 pH 7.5, lOOmM NaCl, ImM EDTA) and, using a PCR machine, the solution was 

heated to 94°C for 5 minutes and then cooled down to 65°C at 0.5°C / second and after 

incubation at 65 °C for 5 minutes further cooled down to 20°C at 0.05 °C / second. 

Subsequently, 10 pi 2mM dNTPs, 0.5 \il 1M MgC12 and 3 pi Klenow fragment (New 

England Biolabs) was added to 87 \il of the annealed sample and the mixture was 
15 incubated at room temperature for 30 minutes. 1 \i\ of the annealed and Klenow treated 

sample was then amplified using the following primers: 

C2for: 5'- CGG GAT CCC CTG CAG GGA CTT GAC -3' 

and 

SPArev: 5'- TTG CGA CTT AAG TCT AGA CAC ACA AAA AAC C -3' using Pwo 
20 DNA polymerase (Roche) according to manufacturers instructions but with addition of 
DMSO (Sigma) to a final concentration of 3%. The PCR program was set at 94°C for 2 
minutes, followed by 30 cycles of (94 °C for 30", 55°C for 30" and 72°C for 20"). 
Where in this document PCR programs are described ' means time in minutes and " 
means time in seconds. The amplified DNA was then purified using the QIAquick PCR 
25 purification kit (Qiagen) and digested with Xbal and SbfL The digested product was then 
again purified with the PCR purification kit to remove the small digested ends. Construct 
pIG270 was also digested with Xbal and Sbfl (isoschizomer of Sse8387I) and the 
resulting 5.9 kb vector containing fragment was isolated from gel using the GeneClean II 
kit (Bio 101, Inc). The treated vector and PCR insert were then ligated to give pCC271 
30 (Figure 29). pCC271 thus contains the PGK promoter, the Ad35 El region (nucl. 468 to 
and including 3400 from Ad35 sequence in example 3 and figure 5) and the synthetic pA 
(SpA). The synthetic pA sequence was then also cloned into the construct pIG535 as 
follows. 

pIG535 was digested with EcoRI, PstI and Seal (All enzymes from New England Biolabs 
35 digested in NEB buffer 3) and the 3 kb insert corresponding to chimeric Ad5-Ad35 El 
region was purified using the GeneClean II kit (Bio 101, Inc.). Construct pCC271 was 
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digested with EcoRI and PstI and the 3 kb vector fragment containing the SpA and PGK 
promoter was isolated as above. Both isolated fragments were ligated and transformed 
into STBL-2 competent cells (Invitrogen/LifeTechnologies) to give pCC535s (Figure 30). 
pCC535s contains the same Ad5-Ad35 El sequences as pIG535 however, a different pA 
5 sequence. 

For the construction of pCC536s, a subclone was made with the new hybrid E1B 
sequences. Hereto, Ad5 El A/E1B21K sequences were amplified using the primers 
5AK: 5'- GAG CGA AGA AAC CCA TCT GAG- 3' and 

2155R: 5'- GGT CCA GGC CGG CTC TCG G-3' with pIG.ElA.ElB (see example 6 
1 0 and Figure 1 3) as template DNA using Pwo DNA polymerase (Roche) according to 
manufacturers instructions and in addition a final concentration of 3% DMSO. The 
program was set at: 94°Cfor2' followed by 30 cycles of (94°C for 30", 58°C for 30" 
and 72°C for 30") and ended with 68°C for 8\ This resulted in a 210 bp fragment 
corresponding to nucl. 2022-2233 of the Ad5 sequence. A second PCR was performed on 
1 5 pCC27 1 with primers 

2155F: 5'- CCG AGA GCC GGC CTG GAC C-3' and 

35F10: 5 5 - GCT CTA GAC CTG CAG GTT AGT CAG TTT CTT CTC CAC TG-3\ 
The same PCR program was used but now with an elongation time of 90" . The resulting 
1 .3 kb fragment corresponds to nucl. 21 12 to 3400 of the Ad35 sequence with an Sbfl site 
20 at the 3 ' end. Note that primers 2 1 55F and 2 1 55R are fully complementary allowing 
assembly of the two fragments as follows: 

Both PCR fragments were purified from gel using the Qiagen gel extraction kit. Aliquots 
of the purified samples were then mixed in equimolar ratio and used as template for an 
assembly PCR amplification with primers 5AK and 35F10 with Pwo DNA polymerase as 

25 above using the program settings: 

94°C for 2\ and 5 cycles of (94°C for 30' \ 60°C for 30' ' and 72°C for T) followed by 
25 cycles of (94°C for 30", 58°C for 30" and 72 °C for 90"). The resulting 1.5 kb 
fragment was purified from gel using the QIAquick gel extraction kit (Qiagen), ligated to 
the pCR-Script/Amp cloning vector (Stratagene) and transformed into DH5a competent 

30 cells (Invitrogen/Life Technologies) resulting in pCR535ElB (Figure 31). This construct 
was checked by restriction analysis and sequencing to confirm correct amplification of 
target sequences. 

pCR535ElB was then digested with NotI and protruding ends were made blunt with 
Klenow fragment. The DNA was then purified using the QIAquick PCR purification kit 
35 (Qiagen) and eluted DNA was digested with PstI. The 1 .5 kb fragment containing the 
chimeric El sequences from the pCR535ElB vector was purified from gel using the 
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GeneClean H kit (BiolOl, Inc.). This fragment was ligated to vector pCC535s digested 
with PvuII and PstI, and transformed into STBL-2 competent cells (hwitrogen/Life 
Technologies) to give pCC2155s (Figure 32). To complete the pCC536s construct Ad5- 
El sequences were then cloned into the pCC2155s suhclone. Hereto, plG.ElA.ElB was 
digested with EcoRI and Kpnl and the 1 .6 kb fragment corresponding to Ad5 El A and 
Ad5 E1B21K (nucl. 459 to 2048 of the Ad5 sequence) was isolated from gel using the 
GeneClean kit. pCC2155s was digested with EcoRI and Kpnl and the vector containing 
fragment was also gel purified. Ligation of both isolated fragments and transformation 
into DH10B electrocompetent cells (Invitrogen/Life Technologies) resulted in pCC536s 
(Figure 33). The hybrid E1B sequences are shown in Figure 38 in more detail. FIG38A 
shows an alignment of protein sequences of E1B-21K in the pCC536s construct with wild 
type (wt) Ad35 and Ad5 sequences. As can be seen most of the E1B-21K protein in 
pCC536s is derived from Ad5 except for the C-terminal 6 amino acids that are identical 
to Ad35 E1B-21K. Figure 38B shows the same alignment for the E1B-55K proteins. In 
this case the N-terminal amino acids of pCC536s are identical to Ad5 upto aa 65. The 
remainder is identical to Ad35 E1B-55K. Obviously, different hybrid E1B-55K 
constructs can be designed using the general method oulined above whithout departing 
from the invention. 

Construct pIG536 was made by replacing a fragment with the SpA in pCC536s with the 
corresponding fragment from pIG270 (example 6, Figure 1 5) containing the HBVpA 
Hereto, pIG270 was digested with BamHI and Bgll and the 1.8 kb insert was isolated 
from gel using the GeneClean II kit (Bio 101, Inc.). pCC536s was digested with the same 
enzymes and the 4.8 kb vector containing fragment was purified from gel as above. 
Ligation of both isolated fragments and transformation into STBL-2 competent cells 
(Invitrogen/Life Technologies) gave construct pIG536 (Figure 34). 

The generated El constructs were tested in primary baby rat kidney (BRK) cells as 
described in example 6. The results (Table V) confirm earlier observations that Ad5-El 
genes more efficiently transform primary BRK cells than Ad35 El genes. The chimeric 
Ad5-Ad35 El expression constructs, pCC535s and pCC536s, produced more transformed 
colonies than the full Ad35 El constructs, pIG270 and pCC271. Furthermore, the use of a 
synthetic poly adenylation sequence in pCC535s resulted in slightly more foci compared 
to the HBVpA variant pIG535. 

Human embryonic retinoblast (HER) cells were isolated from the eyes of aborted fetuses 
of 18 and 21 weeks of age. The eyes were brought in a 6 cm dish with PBS and cleared 
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from outside tissue. An incision was made to reach the inner side and the gray cell layer 
at the inner back of the eyes containing the retinoblasts, was scraped off. This layer was 
transferred to a 14 ml tube in 2ml of PBS and tissue was allowed to sediment after which 
the PBS was removed. 2 ml trypsin (0.25%, no EDTA, GibcoBRL) was added and 

5 incubated for 5 minutes at 37°C with occasional swirling. Tissue pieces were allowed to 
sediment and 1 ml trypsin with cells was transferred to a new tube. To this tube 4 ml 
culture medium (DMEM with 10% FCS) was added and the tube was stored on ice. The 
remaining tissue pieces in trypsin were brought in a 6 cm dish and cut into smaller pieces. 
These were, after addition of 2 ml fresh trypsin, again incubated in a 14 ml tube at 37°C 

10 with occasionally swirling. Then this mixture was added to the first isolated cells in 
culture medium and the total was centrifugated at 1000 rpm in a table top centrifuge. 
Supernatant was removed and cells were resuspended in 10 ml of culture medium. The 
isolated HER cells were plated in two 6 cm dishes and incubated at 37°C/ 10% C02. 
Upon 90% confluency cultures were split 1:3 and further incubated. This procedure was 

1 5 repeated until enough dishes were obtained to be used for transfection and further 

culturing. Transfections were performed at different passage numbers using the CaP04 
cotransfection kit (Invitrogen/Life Technologies) according to manufacturers instructions. 
For each dish (50-70% confluency) 20 \ig DNA was used. Initial transfections were 
performed with pIG.ElA.ElB, an Ad5-El expression construct, and with pIG535, the 

20 hybrid Ad5-E1A/Ad35-E1B expression construct. 2-3 weeks following transfection 

transformed foci became visible in the pIG.ElA.ElB transfected dishes. On average 15- 
20 foci/dish were found in the dishes that were transfected with pIG.El A.E1B. Over 30 
clones were picked and transferred to 96-well plates. Upon confluency cells were 
passaged to larger culture plates or flasks and finally viable frozen in ampoules in liqN2 

25 from a T175 flask. All picked clones were established in this way. Transformed foci 

appeared much later in the dishes that were transfected with pIG535, the first around five 
weeks following transfection. On average 3-4 clones were found per dish. A total of 46 
clones were picked from 7 weeks to 3 months after transfections of which 14 were viable 
and could be passaged multiple times. Of these, 2 clones (clone #45 and #75) were grown 

30 up to a T175 flask and viable frozen in ampoules in liqN2. 

Primary HER cells were also transfected with constructs pCC535s and pCC536s. 
Transfection of pCC535s let to an average of 2 clones/dish and a total of 50 clones were 
picked. Of these picked clones 2 could be established. From the transfection with 
pCC536s, at least one clone could be established. 

35 The above described experiments show that primary HER cells can be transformed with 
hybrid Ad5-Ad35 El sequences. The efficiency of transformation was lower than 
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obtained with the complete Ad5 El region. We then tested whether the new cell lines 
could complement recombinant Ad35-based El-deleted vectors. Hereto, the clone #45 
that was obtained from the pIG535 transfection was seeded in T25 flasks at a density of 
7xl0« cells/flask and infected with Ad35.AdApt.eGFP virus (see example 9) at a 
multiplicity of infection (moi) of 5 and 25 virus particles/cell. Full CPE was seen at days 
4 and 5 for the moi 25 and 5 respectively. As a comparison parallel cultures of clone #45 
cells that were infected with Ad5.AdApt.eGFP viruses gave full CPE at days 7 and 8 for 
moi 25 and 5 respectively. The initial infection efficiency was comparable for Ad5 and 
Ad35 viruses, -80% (moi=5) and -95% (moi=25) of the cells were infected with GFP 
virus one day following infection as measured by fluorescence microscopy. Cells from 
clone #75 were seeded in a 6-well plate at a density of 2xl0 6 cells/well and infected with 
Ad35.AdApt.eGFP or Ad5.AdApt.eGFP at moi 5 (VP/cell). Again initial infection 
efficiency was comparable for both viruses. Full CPE was observed at day 4 in case of 
Ad35.AdApt.eGFP infection whereas Ad5 AdApt.eGFP infected clone #75 cells gave full 
CPE on day 7. The difference in replication efficiency on Ad35 complementing cells 
between Ad35 and Ad5 recombinant vectors is even more clear when virus is generated 
by plasmid transfection. This is exemplified by the following transfection experiment. 
Clone #45 cells were seeded in T25 flasks at a density of 3.5X10 6 cells and transfected 
three days later using LipofectAmine reagent (Invitrogen/Life Technologies) according to 
manufacturers instructions and described above. 2 ug pAdApt35.eGFP adapter plasmid 
digested with Pad was cotransfected with 6 ug pWE.Ad35.pIX-rITR or pWE.Ad35.pIX- 
rITRAE3 backbone cosmid digested with Notl. 2 ug pAdApteGFP (Ad5 adapter plasmid, 
described in WO 00/70071) digested with Pad was cotransfected with 6 ug 
pWE.Ad5.AflII-rITRsp (Ad5 backbone plasmid, described in WO 00/70071) also 
digested with Pad. One T25 was not transfected and served as a negative control. One 
day later transfection efficiencies were monitored by fluorescent microscopy and 
estimated at 10-15% in all eGFP transfections. Three days following transfection cells 
were transferred to T80 flasks and further incubated at 37°C/10%CO 2 . Again three days 
later CPE events were becoming visible in the cultures transfected with the 
pAdApt35.eGFP and the pWE.Ad35pIX-rITR+ or - E3. The transfections with the E3- 
deleted backbone contained more green fluorescent cells and more CPE events. The 
transfection with Ad5 plasmids showed only around 20% green fluorescent cells, of 
which most were dying, and no CPE events. Two days later this difference had become 
bigger since cultures transfected with the pAdApt35.eGFP and the pWE.Ad35pIX- 
rITRAE3 clearly showed 80% CPE and cultures transfected with the pAdApt35.eGFP 
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and the pWE Ad35pIX-rITR constructs showed progressing CPE events. The Ad5 
transfected culture did not show any progression. Table VI summarizes these results. 
We conclude that the new complementing cell lines described above efficiently sustain 
replication of El deleted Ad35-based viruses and that the generation and replication of 
5 El deleted Ad5-based viruses is less efficient. Apparently, also Ad35-E1B55K proteins 
do not form a functional complex with Ad5-E40rf6 proteins. Thus the serotype 
specificity for complementation is now also shown for recombinant Ad5 vectors on Ad35 
packaging cells. 

10 

Example 1 1 

Generation of pWE.Ad.pDC-rITRAE3 

The early region-3 of human adenoviruses contains multiple coding regions for proteins 
that interfere with the host immune response to adenoviral infection. When adenoviral 
1 5 vectors are used as vaccine carrier such interference is unwanted. Therefore, we 
constructed an Ad35 backbone cosmid lacking the E3 region. 

Hereto, construct pBr.Ad35.PRn (Figure 35; described in example 13 in publication EP 1 
054 064 Al) was digested with StuI and Mlul and the 17.3 kb vector fragment was 
purified from low melting point (LMP) gel using agarase enzyme (Roche) according to 
20 manufacturers instructions. Next, a PCR fragment was generated on pBr.Ad35.PRn using 
primers: 

35E3for: 5'- AAT GAC TAA TGC AGG TGC GC-3' and 

35E3rev: 5'- CGA CGC GTT GTA GTC GTT GAG CTT CTA G-3\ For the 

amplification Pwo DNA polymerase (Roche) was used according to manufacturers 

25 instructions and program set at: 94°C for 2', 30 cycles of (94°C for 30", 58°C for 

30'" and 72°C for V) and a final incubation at 68°C for 8\ The 833 bp PCR product was 
purified using the QIAquick PCR purification kit (Qiagen) and digested with Mlul and 
StuI. The digested DNA was purified from gel using the QIAquick gel extraction kit 
(Qiagen). Both isolated fragments were ligated and transformed into DH5a competent 

30 cells (Lavitrogen/Life Technologies) to give pBr.Ad35.PRnAE3 (Figure 36). The plasmid 
was checked by restriction analysis and sequencing of the PCR amplified insert. The E3 
deletion was then cloned into the pWE.Ad35.pDC-rITR cosmid backbone. Hereto, 
pWE.Ad35.pK-rITR (see example 4 and Figure 8) was digested with Pad and the DNA 
was purified by precipitation with isopropanol and washing with 70% EtOH. Following 

35 resuspension in milliQ water, the DNA was digested with Swal and the 22.8 kb vector 
containing fragment was purified from LMP gel using agarase enzyme as above. 
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Construct pBr . Ad3 5 .PRnAE3 was digested with Pad and Swal in the same manner and 
the 16.6 kb fragment was also isolated using agarose enzyme. Both isolated fragments 
were ligated using 0.5-0.6 ug of each fragment. Ligated fragments were then packaged 
using k-phage packaging extracts (Stratagene) according to manufacturers instructions 
and mixed with STBL-2 cells. Bacteria were plated on LB+Amp plates and resulting 
colonies were analyzed for the presence of the correct construct. This gave construct 
pWE.Ad35.pIX-rITRAE3 (Figure 37). The E3 deletion extends from nucl. 27648 to 
30320 of the Ad35 sequence (example 3) and thus spans a 2.6 kb region. 
Cotransfection of NotI digested P WE.Ad35.pIX-rITRAE3 andpIPsp-1 digested 
P AdApt35.eGFP onto PER55-clone #16 cells (see example 9) as described above gave 
rise to GFP expressing Ad35-based viruses. Upon isolation of viral DNA from these 
viruses, PCR amplification of the E3 region showed that the viruses were deleted for 2.6 
kb of E3 sequences as expected. 
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Table I: 



serotype 


blution [Nad] mM 


VP/ml 


CCID50 


logio VP/CCID50 
ratio 


i 


D9/ 


8.66x10 


5.00x10 


3.2 


z 


574 


1.04x10 


3.66x10' 1 


0.4 




131 


1.19x10 


1.28x10 


4.0 


A 
*t 


T£ A 

ZoU 


a o a i rvl I 

4.84x10 


2.50x10 


3.3 


C 
3 




C A l\ 1 A 1 1 

5.40x10 


1.12x10 


1.7 


0 


Oil 


1.05x10 


2.14xl0 ,u 


1.7 


/ 


328 


1.68x10 


2.73x1 (r 


2.4 




379 


4.99x10 


3.75x10' 


4.1 


i n 
1U 


387 


8.32x10 


1.12x10* 


3.9 


12 


•~l f\ r- 

305 


3.64x10 


AM A\ At, # 

1.46xl0 7 


4.4 


13 


231 


4.37x10" 


7.31xl0 8 


3.8 


15 


443 


5.33x10" 


1.25x1 0 s 


3.6 


1 £. 

16 


312 


1.75x1 0 12 


5.59x1 0 B 


3.5 


17 


478 


1.39x10" 


1. 45x10 s ' 


3.0 


19 


430 


8.44x10" 


8.55xl0 7 


4.0 


20 


156 


1.41xl0 11 


1.68xl0 7 


3.9 


21 


437 


3.21x10" 


1.12xl0 8 


3.5 


22 


365 


1.43x10" 


5.59x10' 


3.4 


23 


132 


2.33xlO M 


1.57x10' 


4.2 


24 


405 


5.12xl0 12 


4,27x1 0 8 


4.1 


25 


405 


7.24x1 0 M 


5.59xl0 7 


4.1 


t^ 
26 


^ At* 

356 


1.13xl0 12 


1.12xl0 8 


4.0 


27 


342 


2.00x1 0 12 


1.28xl0 8 


4.2 


28 


347 


Am* —mmm « at* 1 J 

2.77x10" 


5.00xl0 7 


4.7 


29 


386 


2.78xl0 M 


2.00x10' 


4.1 


1 A 

30 


409 


133x10" 


5.59xl0 8 


3.4 


31 


303 


8.48x10'° 


2.19x10' 


3.6 


33 


302 


1.02xl0 12 


1.12x10' 


5.0 


34 


425 


1.08x10" 


1.63x10" 


0.8 


35 


446 


3.26x1 0 12 


1.25x10" 


1.4 


36 


325 


9.26x10" 


3.62xlO y 


3.4 


37 


257 


5.86x10" 


2.8xlO y 


3.3 


38 


337 


3.61x10" 


5.59xl0 7 


4.8 


39 


241 


3.34x10" 


1.17xl0 7 


4.5 



Continued on next page. 



WO 02/40665 



53 



PCT/NL01/00824 




Legend to Table I: 
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All human adenoviruses used in the neutralization experiments were produced on 
PER.C6 cells (Fallaux et al 9 1998) and purified on CsCl as described in example 1. The 
NaCl concentration at which the different serotypes eluted from the HPLC column is 
shown. Virus particles/ml (VP/ml) were calculated from an Ad5 standard. The titer in 
5 the experiment (CCID50) was determined on PER.C6 cells as described in Example 1 by 
titrations performed in parallel with the neutralization experiment. The CCID50 is shown 
for the 44 viruses used in this study and reflects the dilution of the virus needed to obtain 
CPE in 50% of the wells after 5 days. The ratio of VP/CCID50 is depicted in logio and is 
a measurement of the infectivity of the different batches on PER.C6 cells . 
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Table II. AdApt35.LacZ viruses escape neutralization by human serum. 





Human serum dilution 






1250x 


6250x 


Vitus 


no serum 


lOx 


50x 


250x 


AdApt5.LacZ 


100 % 


0% 


0% 


1% 


40% 


80% 


moi: 5 VP/cell 














AdApt35.LacZ 


100 % 


100 % 


100 % 


100 % 


100 % 


100 % 


250 |xl crude lysate 
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Table IE: The numbers of foci obtained with the different Bl expression constructs in 

BRK transformation experiments. 
Average # of foci/dish: 



| Construct 




5 P& 


Experiment 1 pIG.ElA.ElB 


nd 


60 


pIG.ElA.ElB 


nd 


35 


pRSVAd35El 


0 


3 


pIG.Ad35.El 


3 


7 


Experiment 2 pIG.ElA.ElB 


37 


nd 


pIG.Ad35.El 


nd 


2 


Experiment 3 pIGE 1 A.E 1 B 


nd 


140 


pIG.Ad35.El 


nd 


20 


pIG270 


nd 


30 
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Table IV: Yields of El- and E1/E3- deleted Ad35 viruses on clone #16 cells produced on 
triple layer flasks. 

Virus Scale(T175ffl flasks) Total # of Virus Particles after DSP VP/cell 

Ad35.AdApt.eGFP 4 7.5x10' 1 2500 

Ad35.AE3.AdApt.empty 8 2xl0 12 3300 

Ad35.AE3.AdApt.LacZ 8 3.8x10' 1 600 

Ad35.AE3AdApt.MV-F 4 8.8x10" 2900 

Ad35.AE3.AdApt.MV-H 8 2.6xl0 12 4250 



1 *J 
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Table V: Transformation efficiencies on BRK cells with different Ad-El expression 
constructs. 



Construct Transfected DNA (ng) # foci per dish 

5 Experiment 1 pIG.ElA.ElB 5 44 

pIG270 5 0 

pCC271 5 0 

pIG535 5 1 

pCC535s 5 2.5 

10 Experiment 2 pIG.ElA.ElB 4 15 

pCC271 4 0 

pCC535s 4 3 

pCC536s 4 3 



WO 02/40665 



59 



PCT/NL01/00824 



* £ S £ 

o o ~ 



O 6^ 

in h rs o 



a 

o 

• 1-1 

CO 

£> 
Jh 

Pi 



O O O 



IT) 



03 



Q m <t «n o 



0 s - O"^ 0 s - 



Q 



^ ^ 

O 



O 

N (N (N 



N© nP 

^ m o m ^ 

Q i— I y-I rl O 



X 



CO 

S 
w 

Pi 

u 



oo 



Q 



S so 

S5 oo 



I 

03 O O 



Q o 



o o 



Poo 



1 

.a 
I 

2 

O 

o 

u 

o 

• • 
> 





o 



WO 02/40665 



60 



PCT/NLO 1/00824 



References: 

Abrahamsen, K., Kong, H-L., Mastrangeli, A., Brough, D., Lizonova, A., Crystal, 
5 R.G. and Falck-Pedersen, E. (1997). Construction of an adenoovirus type 7a El A" vector. 
J. Virol. 71, ll,p8946-8951. 

Babiss, L.E. and Ginsberg, H.S. (1984). Adenovirus type 5 early region lb gene 
product is required for efficient shutoff of host protein synthesis. J. Virol. 50, p202-2122 
Babiss, L.E., Ginsberg, H.S. and Darnell, JJ. (1985). Adenovirus E1B proteins 
1 0 are required for accumulation of late viral mRNA and for effects on cellular mRNA 
translation and transport. Mol. Cell. Biol. 5, p2552-2558. 

Bernards,R., Houweling, A. Schrier, P.I., Bos, J.L. and van der Eb, A.j. (1982). 
Characterization of cells transformed by Ad5/Adl 2 hybrid early region 1 plasmids. 
Virology 120, p422-432. 
15 Bonnerot, C, Rocancourt, D., Briand, P., Grimber, G. and Nicolas, JF. (1987). A 

beta-gaiactosidase hybrid protein targeted to nuclei as a marker for developmental 
studies. Proc. Natl. Acad. Sci. USA 84(19), p6795-6799. 

Bos, J.L., Polder, L.J., Bernards, R., Schrier, P., van den Elsen, P.J., van der Eb, 
A.J. and van Ormondt, H. (1981). The 2.2 kb mRNA of the E1B region of human 
20 adenovirus type 12 and 5 directs the synthesis of two major tumor antigens from 
different AUG triplets. Cell 12, p721-732. 

Bridge, E. and Ketner, G. (1990). Interaction of adenoviral E4 and Elb products 
in late gene expression. Virology 174, p345-353. 

Bridge, E., Medghalchi, S., Ubol, S., Leesong, M. and Ketner, G. (1993). 
25 Adenovirus early region 4 and viral DNA synthesis. Virology 193, p794-801. 

• Brough, D.E., Lizonova, A., Hsu, C, Kulesa, VA. and Kovesdi, I. (1996). A gene 
transfer vector-cell line system for complete functional complementation of of adenovirus 
early regions 1 and 4. J. Virol. 70, p6497-6501. 

Fallaux, F.J., Kranenburg, O., Cramer, S.J., Houweling, A., van Ormondt, H., 
30 Hoeben, R.C. and van der Eb, A.J. (1996). Characterization of 91 1: a new helper cell line 
for the titration and propagation of early region 1 -deleted adenoviral vectors. Hum. Gene 
Ther.7(2),p215-222. 

Fallaux, F.J., Bout, A., van der Velde, L, van den Wollenberg, D.J., Hehir, K.M., 
Keegan, J., Auger, C, Cramer, S.J., van Ormondt, H., van der Eb, A.J., Valeric, D. and 
35 Hoeben, R.C. (1998). New helper cells and matched early region 1 -deleted adenovirus 



WO 02/40665 PCT/NLO 1/00824 

61 



vectors prevent generation of replication competent adenoviruses. Hunt Gene Ther. 9, 
1909-1917. 

Gallimore, P.H., Grand, RJ.A. and Byrd, P J. (1986). Transformation of human 
embryo retinoblasts with simian virus 40, adenovirus and ras oncogenes. Anticancer Res. 
5 6, p499-508. 

Gossen, M., and H. Bujard (1992) Tight control of gene expression in mammalian 
cells by tetracycline-responsive promoters. Proc. Natl. Acad. Sci. USA 89; 5547-5551. 

Graham, F.O., Smiley, J., Russell, W. and Nairn, R. (19770. Characteristics of a 
human cell line transformed by DNA from human adenovirus type 5. J. Gen. Virol. 36, 
10 p59-72. 

Grand, R.J.A., Parkhill, J., Szestak, T., Rookes, S.M., Roberts, S. and Gallimore, 
P.H. (1999). Definition of a major p53 binding site on Ad2ElB58K protein and a 
possible nuclear localization signal on the Adl2ElB54K protein. Oncogene 18, p955- 
965. 

15 Han, J., Sabbatini, P., Perez, D., Rao, L., Modha, D. and White, E. (1996). The 

E1B 19K protein blocks apoptosis by interacting with and inhibiting the p53-inducible 
and death-promoting Bax protein. Genes Dev. 10 (4), p461-477. 

Jochemsen, A.G., Peltenburg L.T., te Pas, M.F., de Wit, CM., Bos, J.L. and van 
der Eb, A J. (1987). Activation of adenovirus 5 El A transcription by region E1B in 
20 transformed primary rat cells. EMBO J. 6 (1 1), p3399-3405. 

Moreira, A., Wollerton, M., Monks, J. and Proudfoot, NJ. (1995). Upstream 
sequence elements enhance poly(A) site efficiency of the C2 complement gene and are 
phylogenetically conserved EMBO J., 14 (15), p3809-3819. 

Leppard, K.N. and Shenk, T. (1989). The adenovirus E1B 55kd protein influences 
25 mRNA tranport via an intranuclear effect on RNA metabolism. EMBO J. 8, p2329-2336. 

Levitt, N., Briggs, D., Gil, A. and Proudfoot, NJ. (1989). Definition of an efficient 
synthetic poly(A) site. Genes Dev. 3, pl019-1025. 

Pilder, S., Moore, M., Logan, J. and Shenk, T. (1986). The adenovirus E1B 55K 
transforming polypeptide modulates transport or cytoplasmic stabilization of viral and 
30 host cell mRNAs. Mol. Cell. Biol. 6, p470-476. 

■ 

Rao, L., Debbas, M., Sabbatini, P., Hockenbery, D., Korsmeyer, S. and White, E. 
(1992). The adenovirus El A proteins induce apoptosis, which is inhibited by the E1B 19- 
kDa and Bcl-2 proteins. Proc. Natl. Acad. Sci. USA 89, p7742-7746. 

Rubenwolf, S., Schiitt, H., Nevels, M., Wolf, H. and Dobner, T. (1997). Structural 
35 analysis of the adenovirus type 5 E1B 55-kilodalton-E4orf6 protein complex. J. Virol. 71, 
pi 115-1 123. 



WO 02/40665 



62 



PCT/NL01/00824 



Singer-Sam, J., Keith, D.H., Tani, K., Simmer, RX., Shively, L., Lindsay, S., 
Yoshida, A. and Riggs, A.D. (1984). Sequence of the promoter region of the gene for 
human X-linked 3-phosphoglycerate kinase. Gene 32 (3), p409-417. 

White, E. and Cipriani, R. (1990). Role of adenovirus E1B proteins in 
transformation: Altered organization of intermediate filaments in transformed cells that 
express the 19-kilodalton protein. Mol. Cell. Biol. 10, pl20-130. 

White, E. (1995). Regulation of p53-dependent apoptosis by El A and E1B. In: 
The molecular repertoire of adenoviruses III. Eds. Doerfler, W. and B6hm, P.. Springer- 
Verlag Berlin Heidelberg 1995, p33~58. 

White, E. (1996). Life, death, and the pursuit of apoptosis. Genes Dev. 10 (1), pl- 

15. 

Yew,P.R., Kao, C.C. and Berk, A.J. (1990). Dissection of functional domains in 
the adenovirus 2 early region IB 55K polypeptide by suppressor-linker insertional 
mutagenesis. Virology 179, p795-805. 

Yew, P.R. and Berk, A.J. (1992). Inhibition of p53 transactivation required for 
transformation by adenovirus early region IB protein. Nature 357, p82-85. 

Simonsen, C.C. and Levinson, A.D. (1983). Analysis of processing and 
polyadenylation signals of the hepatitis B virus surface antigen gene by using simian 
virus 40-hepatitis B virus chimeric plasmids. MoL and Cell. Biol. 3 (12), p2250-2258. 

Zantema, A., Fransen, J.A., Davis, O.A., Ramaekers, F.C., Vooijs, G.P., DeLeys, 
B. and van der Eb, A J. (1985). Localization of the E1B proteins of adenovirus 5 in 
transformed cells, as revealed by interaction with monoclonal antibodies. Virology 142, 
p44-58. 

Zantema, A. and van der Eb, A. J. (1995). Modulation of gene expression by 
adenovirus transformation. In: The molecular repertoire of adenoviruses III. Eds. 
Doerfler, W. and Bohm, P.Springer- Verlag Berlin Heidelberg 1995, pl-23. 



WO 02/40665 



63 



PCT/NL01/00824 



5 



10 



Claims 



What is claimed is : 

1 . A packaging cell line capable of complementing recombinant adenovirus 
based on a serotype from subgroup B. 

2. The packaging cell line of claim 1 wherein said serotype from subgroup B 
is adenovirus type 35. 



3. The packaging cell line of claim 1 or 2, wherein said packaging cell line is 
derived from primary, diploid human cells, or derivatives thereof, said primary, diploid 
human cells or derivatives thereof having been transformed by adenovirus El coding 
sequences either operatively linked on one DNA molecule or located on two separate 

1 5 DNA molecules, said adenovirus El coding sequences being operatively linked to 
regulatory sequences enabling transcription and translation of encoded proteins. 

4. The packaging cell line of claim 3 wherein the primary, diploid human 
cells, or derivatives thereof have been selected from the group consisting of primary 

20 human retinoblasts, primary human embryonic kidney cells and primary human 
atnniocytes. 

5. The packaging cell line of claim 3 or 4, wherein the primary, diploid 
human cells, or derivatives thereof have been transfected with an adenovirus El A coding 

25 sequence to induce unlimited proliferation. 

6. The packaging cell line of claim 5 wherein said packaging cell line further 
comprises an E1B coding sequence. 

30 7. The packaging cell line of claim 3 or 4, wherein the primary, diploid 

human cells, or derivatives thereof have been transformed by expression of adenovirus 
El proteins of a subgroup other than subgroup C. 

8. The packaging cell line of claim 7 wherein the subgroup other than 
35 subgroup C is subgroup B. 
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9. The packaging cell line of claim 8, wherein said adenovirus El proteins 
are derived from adenovirus type 35. 

1 0. The packaging cell line of claim 3 or 4, wherein the primary, diploid 
human cells or derivatives thereof have been transformed with a chimeric adenovirus El 
construct comprising part of a first adenovirus El coding sequence of a first adenovirus 
serotype that enables efficient transformation of primary human cells or derivatives 
thereof; and part of a second adenovirus El coding sequence of a second adenovirus 
serotype, wherein said second adenovirus El coding sequence provides the serotype- 
specific adenovirus E1B function(s) that enable(s) efficient propagation of recombinant 
adenovirus El -deleted viruses of said second adenovirus serotype. 

1 1 . The packaging cell line of claim 1 0 wherein said first adenovirus serotype 
is a subgroup C adenovirus and said second adenovirus serotype is a subgroup B 
adenovirus, more particular adenovirus type 35. 

12. The packaging cell line of claim 10 wherein El A coding sequence and at 
least part of the E1B-21K coding sequence are derived from a subgroup C adenovirus, 
and the E1B-55K coding sequence as far as not overlapping with the 21K coding 
sequence is derived from a subgroup B adenovirus. 

13. The packaging cell line of claim 12 wherein said subgroup B adenovirus is 
adenovirus type 35. 

14. The packaging cell line of claim 10 wherein all El coding sequences are 
derived from a subgroup C adenovirus, except for at least a part of the E1B-55K coding 
sequence that is necessary for serotype-specific complementation of an alternative 
adenovirus serotype, said E1B coding sequence being derived from said alternative 
adenovirus serotype. 

15. The packaging cell line of any one of claims 6, 10 or 14, wherein said 
packaging cell line comprises bovine adenovirus E1B-55K. 

16. The packaging cell line of claim 15, wherein said complementing 
recombinant adenovirus is derived from a bovine adenovirus. 
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17. The packaging cell line of claim 3 or 4, wherein the primary diploid 
human cells or derivatives thereof have been transformed by adenovirus El coding 
sequences located on two separate DNA molecules wherein the first DNA molecule 
carries at least part of the El coding sequences of the serotype enabling efficient 

5 transformation and the second DNA molecule carries at least part of the sequences 
necessary for serotype-specific complementation. 

1 8. The packaging cell line of claim 4 wherein said derivative cells are 
PER.C6 (ECACC deposit number 96022940) which further comprise an Ad35-El region 

1 o integrated into their genome, and wherein said Ad3 5-E 1 region is present in a functional 
expression cassette. 

19. The packaging cell line of claim 1 8 wherein said Ad35-El region does not 
contain sequences overlapping with sequences present in an associated recombinant viral 

15 vector. 

20. The packaging cell line of claim 18 or 19, wherein said functional 
expression cassette comprises a heterologous promoter and a poly-adenylation signal 
functionally linked to said Ad35-El region, wherein said heterologous promoter is a 

20 human phosphoglycerate gene promoter (hPGK) and wherein said poly-adenylation 
signal is a hepatitis B virus poly-adenylation signal (HBV-pA). 

2 1 . The packaging cell line of claim 20 wherein said Ad35-El region 
comprises the coding regions of the El A proteins and the E1B promoter sequence linked 

25 to E1B coding sequences up to and including the stop codon of the El B 55K protein. 

22. The packaging cell line of claim 20 wherein said Ad35-El region 
comprises nucleotide 468 to and including nucleotide 3400 of the Ad35 wild-type 
sequence. 

30 

23. A cell line derived from PER.C6 (ECACC deposit number 96022940), 
which cell line comprises Ad35-E1B coding sequences. 

24. The cell line of claim 23 wherein said Ad35-E1B coding sequences are 
35 driven by an E1B promoter and terminated by a heterologous poly-adenylation signal 
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25. The cell line of claim 23, wherein said Ad35-E1B coding sequences are 
driven by a heterologous promoter. 

26. The cell line of claim 25 wherein said Ad35-E1B coding sequences are 

5 driven by a hPGK promoter or an Elongation Factor- 1 a (EF-1 a) promoter and terminated 
by a heterologous poly-adenylation signal. 

27. The cell line of claim 24 or 26, wherein said heterologous poly- 
adenylation signal is a hepatitis B virus poly-adenylation signal (HBV-pA). 

10 

28. The cell line according to any one of claims 23-27, wherein said Ad35- 
E1B coding sequences comprise the coding sequences of the E1B 21K and the E1B 55K 
proteins located between nucleotides 1611 and 3400 of the wild-type Ad35 sequence. 

■ 

1 5 29. The cell line of claim 28 wherein said Ad35-E 1 B coding sequences 

comprise nucleotides 1550 to and including nucleotide 3400 of the wild-type Ad35 
sequence. 

30. The cell line of claim 28 wherein said Ad35-E1B coding sequences 

20 comprise the coding sequences of the E1B-55K gene located between nucleotides 1916 
and 3400 of the wild-type Ad35 sequence. 

3 1 . The cell line according to any one of claims 23-27, wherein said Ad35- 
E1B coding sequences comprise the coding sequences of the E1B-55K gene located 

25 between nucleotides 1916 and 3400 of the wild-type Ad3 5 sequence. 

32. The cell line of claim 3 1 , lacking a functional coding sequence for E1B- 

21K. 

30 33 . The packaging cell line according to any one of claims 1 -22, or a cell line 

according to any one of claims 23-32, further comprising a DNA encoding at least E4- 
orf6 of an adenovirus of subgroup B, preferably adenovirus serotype 35. 

34. A method for complementing a recombinant adenovirus comprising 
35 providing a packaging cell line according to any one of claims 1-22, or a cell line 
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according to any one of claims 23-33, with said recombinant adenovirus and culturing 
said cell to allow for complementation. 

35. A method according to claim 34, further comprising harvesting 
5 complemented recombinant adenovirus. 

36. A method according to claim 34, or claim 35, wherein said recombinant 
adenovirus is derived from [adenovirus] a subgroup B adenovirus. 

I o 37. A method according to claim 36, wherein said recombinant adenovirus is 

derived from adenovirus type 35. 

38. A recombinant adenovirus obtained by a method according to any one of 
claims 34-37. 

15 

39. A recombinant adenovirus according to claim 38, comprising a deletion of 
nucleic acid encoding at least one El -region protein. 

40. A recombinant adenovirus according to claim 38 or claim 39 comprising a 
20 deletion of nucleic acid encoding at least one E3-region protein and/or at least one E4- 

region protein. 

4 1 . Use of a recombinant adenovirus according to any one of claims 3 8-40, for 
the preparation of a medicament. 

25 

42. Use of a packaging cell line according to any one of claims 1-22, or a cell 
line according to any one of claims 23-33, for the complementation of a recombinant 
adenovirus. 
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126 
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273 
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335 
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CATCATCAAT 
CCCG7GTGG7 
TGGGGGTGGA 
CTACTTA6TT 
ATTTTCGGGC 
TTGTTCAGGG 

CCGCGTAtiCG 
GG7T7GTGTC 
ATAAAAA/^A7 
GGAGCTTG7G 
crrCAGGAAC 
TTACCGATTC 
7CCAGGG(?TG 

ttgcactcjc7 
ctgcagcggg 
tggctct4ag 

ATGAGAAt^GC 

tcacatg|a7 

ATCTCCTGA7 

cctgtga4gc 
bacctttsga 
acgtcaatat 
tqggcgggga 

ATGGAGGTjTT 

TCTCCGGITT 

TAAACAAGAA 

GTTCACTTTA 

CTTTTCTliAC 

CATAGCCACA 

CAGCCTTT1GG 

AAQAGGAGAA 

CTGCAACQGG 

GTGGTACllGA 

GCATGAGGTT 

AAAACAT5TT 

GGCCTGAfjAA 

GGC7GAGGTG 

G7AG7CGGTA 

TTATGGCqAA 

CTGGGGAOAG 

AGTCAATTGT 

GGGTCCGTCA 

TAACATGATT 

ATGCTGGqTA 

CCAAGTGCAC 

GAAAGTGTTG 

ATCTGGAASA 

CCAGGTTCCA 

7GGAGCAGAG 

TTTTCAGATG 

TTTTAAGGSG 

GTTATCGGM 

TAAGTTCT[TC 

AATGGGTTfcC 

AAGTTACTfra 

CCGAGTTGCG 



AATATACCTT 
GATTGGC7GT 
GTTTTTTTGC 
TTCCCACGGT 
GAAAACTGAA 
CCAGGTAGAC 
TGTCAAAGTC 
AAGAGGCCAC 
GAGAGATTTG 
G7GCACGCCC 
TGTA7GATTT 
TATGCT7TTA 
ATTGTGGAAA 
ATGAA6ACGG 
TGAGGGAGTG 

TCTTGTGAAT 
ACTGCCACTT 
ATTGAGTGTG 
TCTAC7ACCT 
TTAAGCCTGG 
CTTGAGTACA 
TTGTGTGAGA 
CTCAGGTATA 
GGGCCATTTT 
T7GGAGATTC 
T77GAAAAGT 
AAGAAAAAGT 
TTTTATATTA 

GCA7TGTGGA 
GTGTACCGGG 
CCCGAGAGCC 
TGCTTACTGG 
7GC7AGATCT 
CAGAAAGAQC 

GG7TGGAGCC 
ACAGTATAAG 

GTAATA6ATA 
TGGAAGCAGT 

TACCAAACTT 
GTTAGTGTAC 
CTCl GAAGAA 
CTCCGC7TCT 
TGTG6TGCTT 
CTG7GCA7AT 
CATGCATGCA 
TTGGAACCAG 
TCCTGAGGTA 
GCCGGTG7GT 
7TCGGATCCA 
GACAGATTGA 

5GAGTCTTCA 
CTACTGTGGA 
ACC7TTGGAC 
7ATGGAAGCA 
TCCTT TTGGC 
AGTACAAACT 



ATAGATGGAA 
QGGGTTAACG 
AAGTTGTCGC 
ATTTAACAGG 
TGAGGAAGTG 
TTTGACCCAT 

7TC7G777TT 
7CT7GAG7GC 
CGA777CTGC 
TGA7GGGAGA 
AGAGGTAGAG 
GCTGCTAATG 

GCGG7ACAGG 
GTT7CCTCCG 
AAGGCTGCCA 
77CACAGGAA 
TA77TACAGT 
ACTTTTGTGC 
CACCTCC7GA 
GAAACGTCCA 
CGGAAACGTC 
GTGCAATGTA 
TAAGTAGAAG 
GGAAGACCTT 

TGGTTCGC7A 
TGTTGGTAGA 

TTTATCAGTT 
GATAAATGGA 

GAACA7GGAA 
AATCCTGAGG 

GGCC7GGACC 
ATCTACGTCC 
GAGTTGGCTT 
CAAGCCATCA 
AGAGGATGAT 
ATCAG7AGAC 
CTCAAGACAA 
CACT7TTGTA 
ATATTGCATG 
GGGGGTGTAG 
ATGCATATTC 
ACAGATACTG 
CCGATGAGAG 
TGTTTCCCAT 
GGTGSGCGTA 
ATGCCTTT7C 
TGAT6A7ACG 
G7AGATGTGA 
GTGGAGAAGA 
GTAAAAATT7 

GCCCTTATCT 
TGGAASACCC 

GCAGCTGCAG 
TCG7GGCTAA 
CCAGCTSGAG 
GAQTCTGCTG 



TGGTGCCAA7 
QT7AAAAGGG 
GGGAAATG77 
AAA7GAGGTA 
T777TCTGAA 
TACGTGGA5Q 
ACGTAGGTG7 
CAGCGAGAAG 
C7CAGGAAAT 

CGATCCGGAG 
GGATCGGAGG 
AAGCATTAGA 

7Q7AAGAAAA 
AGTGATGAGG 
A7GTTGG7TT 
AAATACTGGA 
AAGTGTGTTT 
TTCTTATTAT 

TA77CAAGCA 
GCAGTGGAGA 

CAAGACAATA 
ATAAAAA7AT 
CAGACC7G7G 
A GG A AG ACT A 
GTGAATTAGC 
TTGCCCAGGA 
7TAQACTTTT 
TCCCGCAGAC 
GGTTCGCAAG 
CATCCACCGG 
CTCCAGTGGA 
ACTQGACGGG 
TAAGTTTAAT 
AGTTTCTCTA 

TGGGCGGTGG 
GGATTAATAT 
GACAGTTA7T 
AATGTTAAGT 
GTTGTASC7T 
TTTCTATGCG 
CAAAGATGTA 
GATG7TTTAT 
GCC7TA7CAA 
CAACGCAAAA 
GAGGAATGTT 

CAGAATGAGC 
AGATCGAGG6 
CCGAAGATC7 

AACTGACTAA 
GT7TTTTCTG 
GACAGGGCGT 
GTTCAACCCG 

CCGCTGCCGC 
77CCACTTCC 
GCTTTGACCC 
TCGGCACGGC 



A7GTAAA7GA 
GCGGCGCGGC 
ACGCA7AAAA 
37TTTGACCG 
7AATG7GGTA 
TTTCGATTAC 
CADC7GATCG 
AG7TTTCTCC 
AA7CTCTGCT 
CCACC7GTGC 
ATTCTAATGA 
ATTAGATCCG 
TTACCTGA7T 
AGGACCA7GA 
TCAGTTGGAT 
GTAAAGGAAC 
AAG7TAAAAT 
AGGTCCTGTG 

CCTGTTCCTG 
AACTTBAGGA 

AG7GTTCCA7 
GTTAACTGTT 
TGGTTAGCTC 
BGCAACTQTT 
TAGGG7AGTT 
CTTTT7GAAG 
CAACCCCAGQ 
TCATTTCAGC 
ATGAGGACAA 
TCATGCCAGC 

GGAGGCGGAG 

ATAGQGGCGT 

GAGTCGCAGA 

TTGCAGGACA 

CCAT7AAAAA 

CCGGAATGCT 

AGA7GC7GCA 

TTAGGGGAGA 

7TTTGGTTTC 

7C7TGGATTG 

ACCTGGGCAT 

7TTAATTAA6 

A7GCTCAC7T 

AATGGCC7GT 

TA7GCCTTAC 

CTAACAGGAA 

TGCGCGCATG 

CAGACCGGAT 

GGTGAGTATT 

TCTTGCAGCT 

C7CCCATCCT 

CCAATTCTTC 

CGCCTCTGTC 

TCTAATAACC 

AACGTC7GGG 

AAAGTCrAAA 



GGTGATTTTA 
CGTGGGAAAA 

AGGCTTCT7T 
GATGCAAGTG 

TTTATGGCAG 
CGTGTTTTTT 

CTAGGGTA77 
TCT6GGCCG9 
GAGACTGGAA 
AGCTTTTTGA 

GGAAGCTGTG 
CCTTTGGACA 
TGAG77CCGT 
AAAGGAGCAG 
TGCCXGGAGC 
TGTTATGTTC 
TTAAAGGAAT 
TCTGATGCTG 
TGGACGTGCG 
CTTG7TACAG 
A7CCGTGTTT 

CACTGGTTT7 
A7AGGAGC7G 
AGAGAGC9CT 
TTTAGGATAA 
C7CTTAATT7 
TAGAAC7GCT 
AGGGGATACG 

TCTTAGGTTA 
GGTTCTGGAG 

TAGCTGACTT 
TAAGAGGGAG 
CGTCCTGAAA 
AATATTCACT 
T7ATGCCAAG 

7GTTACATAT 

TGA7GGATAT 
TGGTTATAAT 
AACAATACCT 
CCACAGCTGG 

TCTGAATGAA 
GSAAATGCCA 

GTGCTGGTGG 
TTTTGATCAC 
CAGTGTAACA 
TCTTTGACAT 

CGAATGCGGA 
CATTTGGTTA 
GGGAAAACTT 
GACA7GAGTG 
GGGCAGGAGT 
AACGCTGACC 

GCCGCTAACA 
CTTC7ACACT 

TGAACTTTCT 
TAAAAAAAAT 



AAAAG7G7GG 
7GACGTTTTA 
7C7CACGGAA 
AAAAT7GCTG 
GG7GGAGTAT 
ACC70AATTr 

7ATACC7CAS 
CAG77TAATA 
ATGAAA7A77 
GCCTCC7ACG 
AATGGC7T77 
CTTTCAATAC 
GGACTGTGAf 
TCCATGCAGA 
7TCCTGGACA 
GCTTTG7TAT 
A7GCTGTTTT 
ATGAATCACC 
CAAGCCCATT 
QGTQGGGACG 
AC7TAAGGTG 
7A7TGCTTTT 
GCTT7CATCC 
TCGGACSGAG 
AACAGGACTA 
GGQCCATCAQ 
GCTGCTGTGG 
TTTTGGATTT 
CTGGCCAGTG 
GAGGAACAGC 
G7CTCCTGAA 
AGGGCATCCA 
CCA77TGGTG 
GGAACAGGTG 
ATAGCTT7GA 
CTGGAAATGG 

G7GGCCT6GA 
GGAATAGTGT 

STGTAGATGC 
CAGAACCAAG 
GGCGAAGCAA 
GCG7AAAGCA 
GCATTG7AA7 
AATGTGTTGA 
TGAATCATGT 
GAACACGCAA 

GGCAAGCATG 
TTGCCCGCAC 
TGGGGTGGGA 
GAAATGCTTC 
TCGTCA6AAT 
TATGCTACTT 
CTG7GCT7GG 
GACTCAGGAC 
CAGCAGGTGG 
TCCA6AATCA 
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3921 ATGAATAAAT AAACGAGCTT GTTGTTGA.TT TAAAATCAAG TGTTTTTATT TCATTTTTCG CGCACGGTAT 
3991 GCCCTGGACC ACCGATCTCG ATCATTGAGA ACTCGGTGGA TTT7TTCCAG .AATCcrAiAG ASSTGGSaTi 
4061 GAATGTTTAG ATACATGGGC ATTAGGCCGT CTTTGGGGTG GAGATAGCTC CATTGAAGGG ATTCATGCTC 
4131 CGGGGTAGTG TTGTAAATCA CCCAGTCATA ACAAGQTCGC AGTGCATGGT GTTGCACAAT ATCTTTTAQA 
4201 AGTAGGCTGA TTGCCACABA TAAGCCCTTG GTGTAGGTGT TTACAAACCG GTTGAGCTGG GAGGGGTGCA 
4271 TTCGAGGTGA AATTATGTGC AT7TTGGATT GGATTTTTAA GTTGGCAATA TTGCCGCCAA GATCCCGTCT 
4341 TGDGTTCATG TTATGAAGGA CTACCAAGAC GGTGTATCCG GTACaTTTAG GAAATTTATC GTGCASCTTG 
4411 GATGGAAAAG CGTGGAAAAA TTTGGAGACA CCCTTGTGTC CTCCGAGATT TTCCATGCAC TCATCCATGA 
4481 TAATAGCAAT GGG6CCSTGG GCAGCGGCGC GGGCAAACAC GTTCCGTGGG TCTGACACAT CATAGTTATG 
4551 TTCCTGAGTT AAATCATCAt AAGCCATTTT AATGAATTTG GGGCGGAGCG TACCAGATTG GGGTATGAAT 
482 1 GTTCCTICGG GCCCCGGAGC ATAGTTCCCC TCACAGATTT GCATTTCCCA AGCTTTCAGT TCTGAGGGTG 
4691 GAATCATGTC CACCTGSGGG GCTATGAAGA ACACCGTTTC GGGGGCGGGG GTGATTAGTT GGGATGATAG 
47B1 CAAGTTTCTG AGCAATTGAG ATTTGCCACA TCCGGTGGGG CCATAAATAA TTCCGATTAC AGGTTGCACG 
4831 TGGTAGTTTA GGGAACGGCA ACTGCCGTCT TCTCGAAGCA AGGGGGCCAC CTCGTTCATC ATTTCCCTTA 
4901 CATGCATATT TTCCCGCACC AAATCCATTA GGAGGCGCTC TCCTCCTAGT GATAGAAGTT CTTGTAGTQA 
4971 GGAAAAGTTT TTCAGC5GTT TTAGACCGTC AGCCATGGGC AT7TTGGAAA GAGTTTGCTG CAAAAGTTCT 
5041 AGTCTSTTCC ACAGTTCAGT GATGTGTTCT AtGGCATCTC GATCCAGCAG ACCTCCTCGT TTCGCGGGTT 
5111 TGGACGGCTC CTGGAGTAGG GTAT&AGACG ATGGGCGTCC AGCGCTGCCA GGGTTCGGTC CTTCCAGGGT 
S1S1 CTCAGTGTTC GAGTCAGGGT T6TTTCCSTC ACAGTGAAGG GGTGTGCGCC TGCTTGGGCG CTTGCCAGGG 
5251 TGCGCTTCAG ACTCATTCTQ C1GGTGGAGA ACTTCTGTCG CTTGGCGCCC TGTATGTCGG CCAAGTAGCA 
5321 GTTTACCATG AGTTCGTAGT TGAGCGCCTC GGCTGCGTGG CCTTTGGCGC GGAGCTTACC TTTGGAASTT 
5391 TTCTTGCATA CCGGGCAGTA TAGGCATTTC AGCGCATACA GCTT6GGCGC AAGGAAAATQ GATTCTGGGG 
5461 AGTATGCAfC CGCGCCGCAG GAGGCGCAAA CAGTtTCACA TTCCACCAGC CAGGTTAAAT CCGGTTCA7T 
5531 G6GGTCAAAA ACAAGTTTTC CGCCATATTT TTTGATSCGT TTCTTACCTT TGSTCTCCAT AAGTTCGTGT 
5001 CCTCGTT6A5 T5ACAAACAG SCTGTCCGTA TCTCCGTAGA CTGATTTTAC AGGCCTCTTC TCCAGTGGAG 
5671 TGCCTCGGTC TTCTTCCTAC AGGAACTCTC ACCACTCTGA TACAAAGGCG CGCGTCCAGG CCAGCACAAA 

6741 GGAGGCTATG tgggaggggt agcgatcstt GTCAACCAGG GGGTCCACCT TTTCCAAAGT ATGCAAACAC 
5811 ATGTCACCCT CTTCAACATC CAGGAATG7G ATTGGCTTGT AGQTOTATTT CACGTGACCT GGGGTCCCCG 
5881 CTGGGG8GIST ATAAAAGGGG GCGGTTCTTT SCTCTTCCTC ACTGTCTTCC GGATCGCTGT CCAGGAACGT 
5951 CA6CTGTTGG GGTAGGTATT CCCTCTCGAA GGCBGGCATG ACCTCTGCAC TCAGGTTGTC AGTTTCTAAG 
8021 AACSAGGAGG ATTTGATATT GACAGTGCCG GTTGAGATGC CTTTCATGAG GTTTTCGTCC ATTTGGTCAG 
6091 AAAACACAAT TTTTTTATTC TCAAGVTTGG TGGCAAATGA TCCATACAGG GCGTTSGATA AAAGTTTGGC 
6161 AATGGATCGC ATGSTTTGGT TCTTTTCCTT BTCCGCGCGC TCTTTGGCGG CGATGTTGAG TTGGACATAC 
6231 TCGCGTGCCA GGCACTTCCA TTCGGGGAAG ATAGTTGTTA ATTCATCTGG CACGATTCTC ACTTGCCACC 
esoi CTCSATTaTG CAAGGTAATT AAATCCACAC tggtggccac CTCGCCTCGA AGGGGTTCAT TGGTCCAACA 
6371 GAGCCTACCT CCTTTCCTAG AACAGAAAGG GGGAAGTGG(5 TCTAGCATAA GTTCATCGGG AGGGTCTGCA 
6441 TCCATGGTAA AGATTCCCGG AAGTAAATCC TTATCAAAAT AGCTGATGGG AGTGGGGTCA TCTAAGGCCA 
6511 TTTGCCATTC TCGAGCTGCC A6TGCGCGCT CAVAIGGGTT AACGGGACTG CCCCAGGGCA TGGGATGGGT 
6581 GAGAGCAGAG GCATACATGC CACAGATGTC ATAGACGTAG ATGGGATCCT CAAAGATGCC TATGTAGGTT 
6551 GGATAGCATC GCCCCCCTCT GATACTTGCT CGCACATAGT CATATAGTTC ATG7GATGGC GCTAGCAGCC 
6721 CCGGACCCAA GTTGGTGCGA TTGGGTTTTT CTGTTCTGTA GACGATCTQG CGAAAGATGG CGTGABAATT 
6791 GGAAGAGATG GTGGGTCTTT GAAAAATGTT GAAATGCGCA TGAGGTAGAC CTACAGAGTC TCTGACAAAG 
8861 TGGGCATAAG ATTCTTQAAG CTTGGTTACC AGTTCGGCGG TGACAAGTAC GTCTAGGGCG CAGTAGTCAA 
6931 GTGTTTCTTG AATGATGTCA TAACCTGGTT GGTTTTTCTT TTCCCACAGT TCGCGGTTGA GAAGGTATTC 
70O1 TTCGCGATCC TTCCAGTACT CTTCTAGCGG AAACCCGTCT TTGTCTGCAC GGTAAGATCC TAGCATGTAG 
7071 AACTGATTAA CTGCCTTGTA AGGGCAGCAC CCCTTCTCTA CGGGTAGAGA GTATGCTTGA GCAGCTTTTC 
7141 GTA6CGAAGC GTGAGTAAGG GCAAAGGTGT CTCTGACCAT GACTTTGAGA AATTGGTATT TGAAG7CCAT 
721! GTCGTCACA5 GCTCCCTCTT CCCAGAGTTG GAAGTCTACC CGTTTCTTGT AGGCGGGGTT GGGCAAAGCG 
7281 AAAGTAACAT CATTGAAGAG AATCTTACCG GCTCTGGGCA TAAAATTGCS AGTGATGCGG AAAGGCTSTG 
7351 GTACTTCCGC TCGATTGTTG ATCACCTGGG CAGCTAGGAC GATTTCGTCG AAACCGTTGA TGTTQTGTCC 
7421 TACGATGTAt AATTCTATGA aacgcggcgt gcctctgacg TGAGGTAGCT TACT6AGCTC ATCAAAGSTT 
7491 AGGTCTG7GG GGTCAGATAA GSC6TAGTGT TCGAGAGCCC ATTCGTGCAG GTGAGGATTT GCATGTA6GA 
758 1 ATQATGACCA AAGATCTACC GCCAGTGCTG TTTGTAACTG GTCCCGATAC TGACGAAAAT GCCGSCCAAT 
7S31 TGCCA7TTTT TCTGGAGTGA CACAGTAGAA SGTTC7GGGG TCTTGTTGCC ATCGATCCCA CtTGASTTTA 
7701 ATGGCTAGAT CGTGGGCCAT GTTGACGAGA CGC7CTTCTC CTGAGAGTTT CATGACCAGC ATGAAAGGAA 
7771 CTAGTTGTTT GCCAAAGGAT CCCATCCAGG TGTAAGTTTC CACATCGTAG GTCAGGAAGA GTCTTTCTGT 
7S41 GCGASGATGA GAGCCGATCG GGAAGAACTS GATTTCC7GC CACCAGTTGS AGGATTGGCT GTT6ATGTGA 
7911 TGGAAGTAGA AGTTTCTGCG GCGCGCCGAG CATTCGTGTT TGTGCTTGTA CAGACGGCCG CAGTA6TCGC 
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anf £2221122^ 22?II?I A J C TCQTQAATSA GCTQTACCTG GCTTCCCTTG ACGAGAAATT TCAQTSGSAA 

«?l SSS&SSSET S^II eTA tctcgtgctc TTCTATATTC gctgtatcgg cctgttcatc ttctgtttcg 
8121 atbgtggtca tgctgacbag cccccgcggg aggcaagtcc aqacctcggc qcgggagggg cggagctgaa 

fltt rfr^rf™ Irrr^lf GA . GCTGTCCA GAGTCCTGAG ACGCTGCGGA CTCAMTTa! tSoTAGbSJ 

8261 CAGAAGATTA ACTTGCATGA TCTTTTCCAG GGCGTGCGGG AGGTTCAQAT GGTACTTGAT TTCCACAGGT 

ZCOTTTQTAB AGACGTCAAT GGCTTGCAGG GTTCCGTGTC CTTTGGGCGC CACTACCGtI CCTTTGTTTT 

«2? llrlJllrrl £2?I2*I?SS TCTCTTGCTT CTTfiCATGCT CAGAAGCGGT SACGGGGACG CGCGCCGGGC 

HI) 22.SS5S2II G JI GCGGACC CGGGGGCATC BCTGGTAGTG GCACGTCGGC GCCGCGCACG GGCAGGTTCT 

S501 GGTATTGCGC TCT6AGAAGA CTTGCG.7GCG CCACCACGCG TCGATTGACG TCTTGTATrT rATPTrTrTr 

till SSSSSS ESEES I?£$IJ BA * CCTGAAAGAG ISfEScSS AATCAATTTC QSUtSttS 
Iff ScTCBATTT? ??r?5r?^I IEE?ISS2 I5^SS552 T TSTC CT6STA GGCGATCTCC GCCATGAACT 
sal ^rlrr™^ II™»T! A AGATC J C CGC GACCCGCTCT TTCGACGGTG GCCGCGAGGT CATTG6AGAT 
III TrrrA^^r SSS^!* £I2£ A I TCAT ^CCGCCTCG TTCCAGACGC GGCTGTAAAC CACGGCCCCC 

§£] J£ g . gag I ctc ttscgcgcat caccacctga gcgaggttaa gctccacgtg TCTGGTGAAG accgcatast 

«S IcSfcfcSc SISSJ^S JETES* 1 " GTGTTCGGCG IceSSE? ESSES! 

aTn, o^tIaI^VT. GQCaTTTC GC TAACATCGCC CACAGCTTCC AAGCGCTCCA TG6CCTCGTA GAAGTCCACG 

a ? r^rr^^r ££5155™ QTTTCGCG «> GACACGGTCA ATTCCTCCTC GAGAAGACGQ ATGAGTTCGG 

mJ "JJS?C?CT SfSSE? e^rr^ CTCCCGGGAT CTCTTCTTCC TCTTCTATCT StStSJc 
} *" tA »CTCT TCTTCBTCTT CAC3GCSSGGG CGGAGGGGGC ACSCGflCfiAC: GTrfturitrrr rArrrrr rt M 

H2? « STC5ATGA ATCGTTCAAT CACCTCTCCG CGGCGGC6GC GCATGCTTTC AGTGACGGCG ^CCcIt^T 

1 1 EH ; "™ ™s ss ii IE 

s El S ™" -™ «™ 

9731 ACCAGGTCTT TOCCTCCBCC £S2!I522S$ 2II2 TAASAC GGCGGATGGT GGCGAGGAGC 

SnSi C.-ti _ lUfcfciccBGC TTGCtGGATA CGCAGGC6AT TGGCCATTCC CCAAGCATTn TrrTrinrr 

980 TA6CAAGATC TTTGTAGTAG TCTTGCATGA GCCGTTCTAC GGGCACTTCT TCCTCACCCe IrrlnrrtrZ 

III StZSSJE? A f "aaatc cqcscattgg ttgtaccagt SS SJESctct ttcScSS 
iom £? A ?IJ?2°I AAQa Q TQ ecT tgaaagtcat caaaatccac aaagcggtss tSSJcccS 

ooa ? A ^ AA i??I 515522^*5 TTGSCCAT G A ctgaccagtt aactctctgg tgaccagggc gcacgagctc 

I $ S 8SKSS2 SSSSS ?B2Sffi 

I S ? 35885 ? — » sasassK 

i05? eiS»TMM SfKISiE *=I«CSTCT CSACCCAGCC SSSSSt 

106*1 TTT9CCGCTC ABATGC.TCC CSTSCTcSI JT5»?J?IS5 "MOAACTO AETCCTATTT TTTTTTTTTT 

SB! SSSfJS £ H E wS SSSS3 SSSSS 

11131 TTAATAATCA TGTGC8AAc£ cS!?rU A r ^^ A 2 ACAB TAAAGGAAGA GCGTAACTTC CAAAAGTCTT 
11201 GATGGAAGCT ATcS5?CAGA SSctISS KKSffi Ir222JI MT TTSATGCAT T TGT6G6ATTT 
11271 AGCAGAGACA ATrArprr?T rl^IvSI^ CAAACCr CTG ACCGCCCAGC TGTTTCTGGT GGTGCAACAC 

iiS ScTTArSSt A It?c?aSg Sg?J?catag tgcasgacpp JS^SSS? "aggggaga toottSStq 

mil CATCAATTAC TCGGTTTTGA GCTTGGGAAA I?ST?Anrr? ^SST???? " SS CCGAGA AGGTAQCTGC 

11481 ATAGACAAGG AGGTGAAGAT ABATerrTTr TlrII^2SI S2 ACAAGACTCC ATACGTTCCC ' 

11561 ATCTTBBBCT STATCGCAaI GACAGAATGC ItcbJm225 TKESSI?^ 6GTCTTGACC CTGAGCGATG 

11621 CAGGGAACTG ATGCA C A0t{ tScaAaGAGC tSgactIcI I???25?*i£ AGGAGGCGCG AGTTAAGCGA 

11691 ATGCGAGCTG ACTTGCAGTG GCAGCCTACT MCAorJr?? ?SlS2 A i222 ^ GGGTGAQA * TTACTTCGAC 

11761 CTTACATAGA AGAGGCGGAT GAAGGCGAGS ACCAAraror J2^2S?2SS2 GACGGCAGGA TCTCACCTTC 

11831 GTGTTTTTTG CTAGATGGAA CAGCAASCAC eSSM5??SS ? GA 2I A £ TTG gaa <S a CTSAT GGCACAACCC 

1 1801 CGGCATTAAC TCCTCGGACG ATTQGACCCA S?S??r?f AA TSCGflGCG GCGCTGCAGA GCCAGCC6TC 

11871 GAAGCCTTTA GACAGCAA^ SS^SSS SSSSSl SSSfSfH c§?TCCCGAr 
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CTAATCCCAC TCATQAGAAG GTCCTGGCCA TCGTGAACGC GTTGQTGGAG AACAAAGC7A TTCGTCCAGA 
TGAGGCCGGA CTGQTaTACA ACGCTCTCTT AGAACgCcTG GCTCGCTACA ACAG7AGCAA iSTSCAAACC 
AATTTGGACC GTATGATAAC AGATGTACGC GAAGCCSTGT CTCAGCGCGA AAGGTTCCAG CGTGATGCCA 
ACCTGGGTTC GCTGGTGGCG TTAAAT5CTT TCTTGAGTAC TCAGCCTGCT AATGTGCCGC GTGGTCAACA 
GGATTATACT AACTTTTTAA GTGCTTTSAG ACTGATGGTA TCAGAAGTAC CTCASAGCGA AGTGTATCAG 
TCCGGTCCTS ATTACTTCTT TCAGACTAGC AGACAGGGCT TGCAGACGGT AAATCTGAGC CAAGCTTTTA 
AAAACCTTAA AGGTTTGTGG GGASTGCATG CCCCGGTAGG AGAAAGAGCA ACCGT6TCTA 6CTTQTTAAC 
TCCGAACTCC CGCCTGTTAT TACTGTTGGT AGCTCCTTTC ACCGACAGCG GTAGCATCGA CCGTAATTCC 
TATTTGGGTT ACCTACTAAA CCTGTATCGC GAAGCCAjAG GGCAAAGTCA G6TGGACGAG CAGACCTATC 
AAGAAATTAC CCAAGTCAGT CGCGCTTTGG GACAGGAAGA CACTGGCAGT TTGGAAGCCA CTCTGAACTT 
CTTGCTTACC AATCGGTCTC AAAAGATCCC TCCTCAATAT GCTCTTACTG CGGAGGAGGA GAGGATCCTT 
AGATATGTGC AGCAGAGCGT GGGATTGTTT CTGATGCAAG ASSGGGCAAC TCCGACTGCA GCACTGGACA 
TGACAGCGCG AAATATGGAG CCCAQCATGT ATSCCAGTAA CCGACCTTTC ATTAACAAAC TGCTGGACTA 
CTTGCACAGA GCTGCCGCTA TGAACTCTGA TTATTTCACC AATGCCATCT TAAACCCCCA CTGGCTGCCC 
CCACCTGGTT TCTACACGGG CGAATA7GAC ATGCCCGACC CTAATGACGG ATTTCTGTGG GAC6ACGTGG 
ACAGCGATGT TTTTTCACCT CTTTCTGATC ATCGCACGTG GAAAAAGGAA GGCGGTGaTA GAATGCATTC 
TTCTGCATCG CTQTCCGGGG TCATGGGTGC TACCGCGGCT GAGCCCGAGT CTGCAAGTCC TTTTCCTAST 
CTACCCTTTT CTCTACACAG TGTACGTAGC AGCGAAGTGG GTAGAATAAG TCGCCCGAGT TTAATGGGCG 
AAGAGGAGTA CCTAAACGAT TCCTTGCTCA GACCGGCAAG AGAAAAAAAT TTCCCAAACA ATGGAATAGA 
AAGTTTGGTG GATAAAATGA GTAGATGGAA GACTTATQCT CAGGATCACA GAGACGAGCC TGGGATCATG 
GQGACTACAA GTAGAGCGAB CCGTAGACGC CAGCGCCATG ACAGACAGAG GGGTCTTGTG TGGGACGATG 
AGGATTCGGC CGATGATAGC AGCGTGTTGG ACTTGGGTGG GAGAGGAAGG GGCAACCCGT TTGCTCATTT 
GCGCCCTCGC TTGGGTQGTA TGTTQTGAAA AAAAATAAAA AAGAAAAACT CACCAAGGCC ATGHCGACGA 
GCGTACGTTC GTTCTTCTTT ATTATCTGTG TCTAGTATAA TGACGCGAGT CGTGCTAGGC GGAGCGGTGG 
TGTATCCGGA SGGTCCTCCT CCTTCGTACG AGAGCGTGAT SCAGCAGCAS CAGGCGACGC CGGTGATGCA 
ATCCCCACTG GAGGCTCCCT TTGTGCCTCC GCQATACCTG 6CACCTACGG AGGGCAGAAA CAGCATTCGT 
TACTCGGAAC TGGCACCTCA GTACGATACC ACCAGGTTGT ATCTGGTGGA CAACAAGTCG GCGGACATTG 
CTTCTCTGAA CTATCAGAAT GACCACAGCA ACTTCTTGAC CACGGTGGTG CAGAACAATG ACTTTACCCC 
TACGGAAGCC AGCACCCAGA CCATTAACTT TGATGAACGA TCGCGGTGSG GCGGTCASCT AAAGACCATC 
ATGCATACTA ACAT2CCAAA CGTGAACGAG TATATCrTTA GTAACAAGTT CAAAGCGCGT GTQATGGTGT 
CCAGAAAACC TCCCGACGGT GCTGCAGTTG GGGATACTTA TGATCACAA6 CAGGATATTT TGGAATATGA 
GTGGTTCGAG TTTACTTTGC CAGAAGGCAA CTTTTCAGTT ACTATGACTA TTGATTTGAT GAACAATGCC 
ATCATAGATA ATTACTTGAA AGTGGGTAQA CAGAATGGAG TGCTTSAAAfi TGACATTGGT GTTAAGTTCG 
ACACCAGGAA CTTCAAGCTG GGATGGGATC CCGAAACCAA GTTGATCATG CCTGGAGTST ATACGTATGA 
AGCCTTCCAT CCTGACATTB TCTTACTGCC TGGCTGCGGA GTGGATTTTA CCGAGAGTCG TTTGAGCAAC 
CTTCTTGGTA TCAGAAAAAA ACAGCCATTT CAAGAGGCTT TTAAGATTTT GTATGAAGAT TTAGAAGGTG 
GTAATATTCC GGCCCTCTTG GATGTAGATS CCTATGAGAA CAGTAAGAAA SAACAaAAAG CC AAA AT AG A 
AGCTGCTACA GCTGCTGCAG AAGCTAAGGC AAACATAGTT GCCAGCGACT CTACAAGGGT TGCTAACGCT 
GGAGAGGTCA GAGGAGACAA TTTTGCGCCA ACACCTGTTC CGACTGCAGA ATCATTATTG GCCGATGTGT 
CTGAAGGAAC GQACGTGAAA CTCACTATTC AACCTGTAGA AAAAGATAGT AAGAATAGAA GCTATAATGT 
GTTGGAAGAC AAAATCAACA CAGCCTATCG CAGTTGGTAT CTTTCGTACA ATTATGSCGA TCCCGAAAAA 

SGAGTGCGTT cctggacatt gctcaccacc tcagatgtca CCT6CGGAGC AGASCAGGTT TACTGGTCGC 
TTCCAGACAT GATGAAGGAT CCTGTCACT7 TCCGCTCCAC TAGACAAQTC AGTAACTACC CT6TGGTGGG 

tgcagagctt atgcccgtct tctcaaagag cttctacaac GAACAAGCT6 tgtactccca GCAGCTCCGC 

CAGTCCACCT CGCTTACGCA CGTCTTCAAC CQCTTTCCTG AGAACCASAT TTTAATCCGT CCGCCGGCGC 

CCACCATTAC CACCGTCAGT GAAAACGTTC CTGCTCTCAC AGATCACGGG ACCCTGCCGT TQCGCAGCaG 

TATCCGGGGA GTCCAACGTG TGACCGTTAC TGACGCCAGA cgccgcacct GTCCCTACGT gtacaaggca 

ctgggcatag tcgcaccgcg cgtcctttca agccgcactt TCTAAAAAAA AAAAATGTCC ATTCTtATCT 

CGCCCAGTAA TAACACCGGT TGGGGTCTGC fiCGCTCCAAG CAA6ATGTAC GGAGGCGCAC GCAAACGTTC 

TACCCAACAT CCCGTGCGTG TTCGCGGACA TTTTCGCGCT CCATGGGGTG CCCTCAAGGG CCGCACTCGC 

GTTCGAACCA CCGTCGATGA TGTAATCSAT CAGGTGGTTG CCGACGCCCG TAATTATACT CCTACTGCGC 

CTACATCTAC TGTGGATGCA GTTATTGACA GTGTAGTGGC TGACGCTCGC AACTATGCTC GACGTAAGAG 

CCGGCGAAGQ CGCATTGCCA GACGCCACCG AGCTACCACT GCCATGCGAG CCGCAAGAGC TCTGCTACGA 

AGAGCTAGAC GCGTGGGGCG AAGAGCCATg CTTAGGGCGG CCAGACGTGC AGCTTCGGGC GCCAGCGCCG 

GCAQGTCCCG CAGGCAAGCA GCCGCTGTCB CAGCGGCGaC TATTGCCGAC ATGGCCCAAT CGCGAAGAGG 

CAATGTATAC TBGGTGCGTG ACGCTGCCAC CGGTCAACGT GTACCCGTGC GCACCCGTCC CCCTCGCACT 

TAGAAGATAC TGAGCAGTCT CCGATBTTGT GTCCCAGCGG CGAGGATGTC CAABCQCAAA TACAAGGAAG 

AAATGCTGCA GGTTATCGCA CCtGAAGTCT ACGGCCAACC GTTGAAGGAY GAAAAAAAAC CCCGCAAAAT 
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16101 CAAGCG66TT AAAAAGGACA AAAAAGAAGA GGAASAT6QC GATGATGGGC TGGCGBAGTT TGTGCGCGAG 
16171 TTTGCCCCAC GGCGACGCGT GCAATGGCGT GGGCGCAAAG TTCGACATGT GTTBAHACCT QGAACTTCGG 
16211 TGGTCTTTAC ACCC6GCGAG CGTTCAAGCQ CTACTTTTAA GCGTTCCTAT GATGAGGTBT ACGGGGATGA 
T5311 TGATATTCTT GAGCAGGCCG .CTSACCGATT AGGCGAGTTT GCTTATGGCA AGCGTAGTAG AATAACTTCC 
16381 AASBATQAGA CAGTGTCAA7 ACCCTTGGAT CATGBAAATC CCACCCCTAG TCTTAAACCG GTCACTTTGC 
16451 AGCAAGTGTT ACCCGTAACT CCGCGAACAG GTGTTAAACG CGAAGGTGAA GATTTSTATC CCACTATGCA 
16S21 ACTGAT9GTA CCCAAACGCC A6AA6TTG6A GGACGTTTTG GAGAAAGTAA AAGTGGATCC AGATATTCAA 
16591 CCTGAGGTTA AASTGAGACC CATTAAGCAG GTAGCGCCTG GTCTCGGGGT ACAAACTOTA GACATTAAGA 
16661 TTCCCACT5A AAGTAT8GAA GTGCAAACTG AACCCGCAAA GCCTACTGCC ACCTCCACTG AAGTGCAAAC 
16731 GGATCCATGG ATGCCCATGC CTA7TACAAC TGACGCCGCC GGTCCCACTC GAAGATCCCG ACSAAAGTAC 
16601 GGTCCAGCAA GTCTGTTGAT GCCCAAT7A7 GTTGTACACC CATCTAT7A7 7CCTACTCCT GG7TACCGAG 
16371 GCACTCGCTA CTATCGCAGC CGAAACACTA CCTCCCGCCG TCGCCGCAAG ACACCTGCAA ATCGCAGTCG 
16341 TCGCCG7AGA CGCACAAGCA AACCGACTCC CEGCGCCCTG GTGCGGCAAG TGTACCGCAA TGGTAGTGCG 
17011 GAACCTTTGA CACTGCCGCG 7CCCCGTTAC CATCCSAGTA TCATCAC7TA ATCAATGTTG CCGC7GCCTC 
17081 CT7GCAGATA TGGCCCTCAC TTGTCGCCTT CGCGTTCCCA TCACTGGTTA CCGAGGAAGA AACTCGCGCC 
lilt) QTA 2£?£52 ^T^I TSQGA CSCGGAATGC GACGCTACAG GCGACGQCGT GCTATCCGCA AGCAATTGCG 

TI A . C . CAGC . CT ™ATTCCAAT TATCGCTGCT GCAATTGSCG CGATACCAGG CATAGCTTCC 

™i AGGC . C7CGCA ACGACATTGA CATTBQAAAA AAAACG7ATA AATAAAAAAA AATACAATGG 

17361 ACTCT6ACAC TCCTGSTCCT 6TGACTAT6T TTTCTTAGAG ATGGAAGACA TCAATTTYTC ATCCTTGGCT 
i?S3 "55?*"" GCAC . GAAC " GTACATGGGC ACC7GGASCG ACATCGGCAC GAGCCAACTG AACGGGGGCS 

Z=S ?SIIS5 AT T G GAGCAGTATC 7GGAGCGGGC 7TAAAAATTT TGGCTCAACC ATAAAAACAT ACGGGAACAA 
IZIV. 12 AGCAGTACAG GACAGGCGC7 7AGAAATAAA CTTAAAGACC AGAACTTCCA ACAAAAASTA 

?f? I^5I TC 5 e6 CATCAATGGA G7GG7AGAT7 TGGCTAACCA GGCTGTGCAG AAAAAGATAA 

17711 ACAGTCGTTT GGACCCGCCC CCAGCAACCC CAGGTGAAAT GCAAGTG6AG GAAGAAA7TC CTCCGCCAfiA 
lllll AAAACGASGC GACAA6CSTC CGCGTCCCGA TTTGGAAGAC ACGCTGGTGA CGCGCGTAGA TGAACCGCCT 

?of JETI 4 !^ ^ A " AACSAA ECTTGGAATG CCCACCACTA GACCGATAGC CCCAATGQCC ACCSGGSTGA 

IS? TGAAACCTTC TCAGTTGCAT CGACCCGTCA CCTTGGATTT GCCCCC7CCC CCTGCTGCTA CTfiCTQTACC 
17991 CGCTTCTAAG CCTGTCGCTG CCCCGAAACC AGTCGCCGTA GCCAGGTCAC GTCCCGGGGG CGCTCCTCGT 

8061 CCAAATGCGC ACTGGCAAAA TACTCTSAAC AGCATCG7GG GTCTAGGCGT JSCAAAGT6TA AAAC6CCGTC 
GCT 5 CTTTTA ATTAAATATG CACTACCGCT TAACTTQCCT ATCTGTGTAT ATGTGTCATT ACACGCCGTC 

fl? A ^2^ SCAG ASGAAAAAAG 3AAGAGQTC8 TGCGTCGACG CTGAGTTACT TTCAAQATGG CCACCCCATC 
IBJ.l G ^7GCTGCCC CAATGGGCAT ACATGCACAT CGCCGGACAG GATGCTTCGG AGTACCTGAG TCCSQBTctb 
18341 GTGCAGTTCG CCCGCGCCAC AGACACCTAC TTCAATCTGG GAAATAAGTT TAGAAATCCC Ir^a^r 

Mfil cffrlcAT^ ^SJi? CC AGCGGCTCAT GTTGCGCTTC GTGCCCGTTG ACeSaSK 

!fZ§] CAATACATAC TCTTACAAAS TGCGGTACAC CCTGGCCGTG GGC6ACAACA GAGTSCTGGA TATBSCCArr 
855 ACGTTCTTTG ACATTAGGGG CGTG7TGCAC AGAGGTCCCA GTTTCAAACC CTATTCTGGT IS2™S 

III £g£2E E55i55E K^SS**™ ™™tcaatg gattgcaaaa qkbukm mSSSSc 

8691 CGCAGGCAAT GGTCAAGAA6 AACATGAAAC AGAGGAGAAA AC7GCTACTT ACACTTTTGC CAATfirrrrr 

• lal SSKSS S?SSES£T TACAAAASAG ggcttaccaa taggtttgga mtttcakt ommcqmt 

]f55' CT *AACCCAT CTATGCAGAT AAACTTTATC AGCCAGAACC TCAAGTGGGA GATGAAACTT SGArTRflrrT 
£?] TffTi TfiTfil iSS^K JWAGECAG GGCTCTAAAG CCTAcIaCTA ScEmaSS 5KS 
S I^I A I G ?? A ASCC,A CTAA TT7AAAAGGT SGTCAGGCAA AACCGAAAAA CTCGGAACCG TCGAGTSAAA 

12??] tt&IrS*!? SEtTIIES atggaatttt TTGATAACTC ATCGCAAAGA acaaacttca gtcctIaaat 

2 B ?r A ? A ^rI? J AGS JI TGGA AACGCCAGAC ACTCATGTAQ TQTACAAACC TS5AACAGAA 

}fXrl ^ ACA H6* STT CCGAAGCTAA T7TGGGACAA CAGTCTATGC CCAACAGACC CAACTACATT esrTTrarj? 
^ r™?!!!*! I BaACTCATe TACTATAACA GTACTGGTAA CATGGGGGTG CTGGCt5gtJ 2ac!fS« 
22? GTTAAATGCA GTSGTTSACT TSCAGGACAG AAACACABA.A CTTTCTTACC AACTCTTGCT ?Sif?r5r5S 
9391 GGCGACAGAA CCAGATACTT TACCAtBTGG AATCABGCTG TGGACAGTTA 

19461 TTGAAAATCA TGGTGTGGAA GATGAACTTC CCAACTATTG TTTTrrAr-rr- rir^rl?*! ^I A $? TSTTA 

^S! 1S2S5IS Trrriraw jtccaaJJbS BSSttSK KSSESS StUaKS 

1BB71 A rrT?^T?r ^ C ?? A ? A ^5 TAATTTGTTT GCCATGGAAA TTAACCTTCA AGCCAATCTA TG8CGAAGTT 
19671 TCCT7TATTC CAATGTGGCT CTQTATCTCC CAGACTCGTA CAAATACACC crftTrrAa-re TrArT??TZI 

II?! sariTTBB?* AACACCTACG ACTACATGAA CGGGCGGgJg GTCCcScw? SSaBuK ScCTatJtS 
lift £t£J2SI? S^?K??IS I C I GGAT SCC ATGGACAArG TCAACCCATT CAA^CACCAC CQTAACaCTQ 

jssi trVcSux Willis 5S5s?s? cccaggctcc KsssiTs agtggaact? fss?asa 

20021 GTSAACArGG TTCTACASAG TTCCCTCGGT AACGACCTGC ISbtaS??? rUrltfSTl I ABGAAQSAT 
20091 GCATCAACCT CTATGCTACT TTTt5 CCCC I .tSSgffi SS ScCT?gSS cHlll^ 
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pmei GAATQACACC AATSATCAGT CATTCAACSA 
20231 AATGCAACCA ATA7TCCCAT TTCCATTCCT 
20301 GACTGAAAAC CAAAGAAACT CCCTCTTTGG 
20371 TCCCTACCT5 GATGGTACCT TCTACCTGAA 
20441 GTGAGCTGGC CTGGAAATGA CAGGTTACTA 
20511 AAGGCTACAA CGTAGCCCAA TGCAACATGA 
20581 CATCG6CTAT CASGGCTTCT ACATTCCAGA 
20651 CAGCCCATGA GCAGGCAGGT GGTTGATGAG 
20721 AACACAACAA CTCTGGCTTT GTGGGTTACA 
20791 CTATCCCTAT CCACTCATTG GAACAACTGC 
208S1 ACCATGTSGC GCATACCGTT CTCGAGCAAC 
20931 TGCTCTATGC CAACTCACCT CATGCTCTGG 
21001 GCTTTATCTT CTCTTCGAAG TTTTCGACGT 
21071 GTCTACCTGC GTACACCGTT CTCGGCCGCT 
21141 CAGCTGCAAC CATGGCCTGC GGATCCCAAA 
21211 CCTGGGTTGC GGACCCTATT TTTTGGGAAC 
21281 CTCGCCTGTG CCATTGTAAA TAC5GCCGSA 
21351 ACCCACGTTC TAACACCTGC TACCTTTTTG 
21421 CCAGTTTSAA TATfiAGGGTC TCCTGCGCCG 
21491 AAATCTACCC AGACCGTGCA GGGCCCCCGT 
21581 CCTTTGTGCA CTGGCCTGAC CGTCCCATGG 
21631 CAACATGCTT CATTCTCCTA AAGTCCAGCC 
21701 AATACCCATT CGCCTTATTT 7CGCTCTCAT 
2T771 ATGTTCAATA ATGACTCATG TAAACAACGT 
21841 CTCTGGATTA CTTATTTATT TACAAGTCGA 
21911 TACGTTGCGG AACTGATACT TGGGTTGCCA 
21961 GGCASGATGT CACTCCACAG CTTTCTGGTC 
22051 AATCACAATT AGGACCAGTG CTCTGAGCGC 
22121 CAGCSACGGA TGTCTCACGC TTGCCAGCAC 
22191 TTGGCAATGC TGAACGGGGT CATCTTGCAG 
22261 TGCAATCGCA 5TGCAGG3GG ATCAGTATCA 
22331 CATGAAAGCA TCATATTGCT TGAAAGCCTG 
22401 CTGCTCGAAA ACTGGTTAGC TGCACAGCCG 
22471 GCACCACACT TCTGCCCCAG CCJGTTTTGGG 
22541 TCCGTTCTCG CTGBCCACAT CCATCTCGAT 
22611 TTCAGCTTGC CCTCATAATC ATTGCAGCCA 
22691 GGGCGATCTG AGAAAAASAA TGTATCATTC 
22751 ACTAGTGAAA GTTAACTGGA TGCCTCGG7G 
22821 TCGTGTTGCT CAGGCATTAG TTTAAAACAG 
22891 GACACATCAC TTCCATGCCT TTCTCCCAAG 
22961 GGCASCAQCT CCTTTAGCCA GAGGGTCATC 
23031 ACGATGCGCA CGGGCGGGTA GCTGAAACCC 
\ 23101 CTTGACTQAT GTCTTGCATG GGGATATGTT 
* 2317 T AGGACTGTCG CTCCGTTCCG GAGACAGGGA 
23241 GTASAAGAAC CTGACCCCAC ACGGCGACAG 
23311 GGCTGCGGTC CGACCTGGAA GGCGGATGAC 
23381 GCGGTCGCTT AACTGATTTC CTTCGCGGCT 
23451 AAACTCAGCC AT7GCTGTCA ACATCGCCAC 
23521 GCAGAGCTTA AGCATTCCAC CGCCCAGTCC 
23591 TCTCATGACA TGCAGAATAA AAAAGCGAAA 
23661 CACCGGTGGA ACACGAGGAA GAGTTGAAAC 
23731 AGCAGATAAC TATCACCAAG ATGCTGGAAA 
23801 GAAGACGCGC TCCTTAAACA TCTAGCAAGA 
23871 AAGTGCCCAT CAGTGTGGAA GAGCTCAGCT 
23941 CAAACGTCA6 CCAAACGGCA CC7GCGAGCC 
24011 GAAGTACTGG CTACCTATCA CATCTTTTTT 
24081 CCCGCGCCGA TGCCCTACTC AATCTGGGAC 
24M51 TCCAAAGATC TTCGAGGGTC TGGGCAATAA 



CTACCTATCT SCASCTAACA TGCTCTACCC CATTCCTGCC 
TCTCGCaaCT GSQCeGCTTT CAGAGGCT55 TCATTTACCA 
GGTCTGSATT TGACCCCTAC TTTGTCTATT CTGGTTCTAT 
3CACACTTTT AAGAAGGTTT CCATCATGTT TGACTCTTCA 
TCTCCTAACG AATTTGAAAT AAAGCGCACT GTGGATGGCG 
CCAAAGACTG GTTCTTGGTA CAGATGCTCG CCAACTACAA 
AGGATACAAA GATCSCAT6T ATTCATTTTT CAGAAACTTC 
GTCAATTACA AAGACTTCAA GGCCGTCGCC ATACCCTACC 
TGGCTCCGAC CATGC6CCAA GGTCAACCCT ATCCCGCTAA 
CGTAAATAGT GTTACGCAGA AAAAGTTCT7 GTGTGACAGA 
TTCATGTCTA TGGGGGCCCT TACAGACTTG GGACAGAATA 
ACATGACCTT TGAGGTGGAT CCCATGGATG AGCCCACCCT 
GGTCAGASTG CATCASCCAC ACC5CGGCAT CATCGAfiGCA 
AACGCTACCA CGTAAGAAGC TTCTTGCTTC TTGCAAATAS 
ACGGCTCCAG CGAGCAAGAG CTCAGAGCCA TTG7CCAAGA 
CTACGA7AAG CGC7TCCCGG GG7TCATGGC CCCCGATAAG 
CGTGAGACGG GGGGAGAGCA CTGGTTGGCT TTCGGT7GGA 
ATCCTTTTGG ATTCTCGGAT GATCGTC7CA AACAGATTTA 
CAGCGCTCTT GCTftCCAAGG ACCGCTGTAT TACGCTGGAa. 
TCTGCCGCCT GCGGACTTTT CTGCTGCA7G TTCCTTCACG 
ACGGAAACCC CACCATGAAA TTGCTAACTG GAQTGCCAAA 
CACCCTGTGT GACAATCAAA AAGCACTCTA CCATTTTCTT 
CBTACACACA TCGAAAGGGC CACTGCGTTC GACCG7A7Ge 
GTTCAATAAA CATCACTTTA TTTTTTTACA TGTATCAAGS 
ATGGGTTCTG ACGAGAA7CA GAATGACCCG CAGGCAGTGA 
CTTGAATTCG GGAATCACCA ACTTGGGAAC CGGTATA7CG 
AGCTGCAAAG CTCCAAGCAG GTCAGGAGCC GAAATC77GA 
GAGAGTTGCG GTACACCGGA TTGCAGCACT GAAACACCAT 
GGTGGGATCT GCAATCATGC CCACATCCAG ATCTTCAGCA 
GTCTCCCTAC CCATGGCSSG CACCCAATTA GGCTTGTGGT 
TCTTGGCCTG ATCCTGTCTG ATTCCTGGAT ACACGGCTCT 
CTGGGCTTTA CTACCCTCGG TATAAAACAT CCCGCAGGAC 
GCATCATTCA CACAGCAGCG GGCGTCAT7G 77GGCTA7TT 
TGAT1TTGG7 7CGC7CGGGA T7C7CC777A AGGCTCGTTG 
AATCTGCTCC TTCTGAATCA TAATATTGCC ATGCAGGCAC 
TGAGGCCACA ACGCACAGCC TG7ACAT7CC CAATTATGGT 
CC7SCAGAAA TCTTCCCATC ATCGTSCTCA GTGTCTTGTG 
CTCTTCGTTT ACGTACTGGT GACACATGCG CTTGTA7TGT 
GTTCTAASTT CGTTATCCAG CCTGTACTTC TCCATCAGCA 
CAGACACCAG GGGCAAGCTA ATCGGATTCT TAACAGTGCA 
TTTAGCSATC TTCTCAATGC TTCTTTTGCC ATCCTTCTCA 
ACTGCTACAA GTTGCSCCTC TTCTCTTYCT TCTTCGC7GT 
TGGTCTTCCT TGGCT7C7TT TTGGGGSGTA 7CGGAGGAGG 
GGA7TGTGAC CTTTCCCTCA CCATTACCAA CTGACTGTCG 
GTG7TT7TCT TCGGGGGCAG AGGTGGAGGC GA7TGCGAAG 
TG6CAGAACC CCTTCCGCGT TCSGGGG7GT GCTCCCTGTQ 
GGCCATTGT5 TTCTCCTAGG CA5ASAAACA ACAGACATGG 
GAGTGCCATC ACATCTCGTC CTCAGCGACC AGGAAAACCA 
TGCCACCACC TCTACCCTAG AAGATAAGGA GGTCGACGCA 
GAGTCTGAGA CAGACATCGA GCAAGACCCG GGCTATGTGA 
GCTTTCTAGA GAGAGASGAT GAAAACTGCC CAAAACAGCQ 
TAGGGATCAG AACACCGACT ACCTCATAGG GCT TGACGGQ 
CASTCSCTCA TAGTCAAGGA TGCATTATTG GACAGAACTG 
GCGCCTACGA GCTTAACCTT TTTTCAtCTC QTACTCCCCC 
AAATCCTCGC TTAAACTTTT ATCCAGCTTT TGCTGTGCCA 
AAAAATCAAA AAATTCCAGT CTCCTGCCGC GCTAATCGCA 
CTGGTTCACG CTTACCTGAT ATASCTTCCT TGGAAGAG5T 
TGAGACTCG6 GCCQCAAATG CTCTGCAAAA GGGAGAAA^T 
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24221 GGCATGGATC AGCATCACAB CGTTCT6GT3 GAATTGGAAS GCSATAAT9C CABACTCGCA GTACTCAAGC 

24291 GAAGCGTCGA GGTCACACAC TTCGCATATC CCGCTGTCAA CCTGCCCCCT AAAGTCATGA CGGCCGTCAT 

22221 GGACCAGTTA CTCATTAAGC GCGCAAGTCC CCTTTCAGAA 6ACATGCATG ACCCA6ATGC CTGTGATGAG 

24431 GGTAAACCAG TGGTCAGTGA TGAGCAGCTA ACCCGATGGC TGSCCACCGA CTCTCCCCG6 GATT7GGAAC 

24601 AGCGTCGCAA GCTTATGATG GCCGTGGTGC TGGTTACCGT AGAACTAGAG TGTCTCCGAC GTTTCTTTAC 

5251 1 CSATTC AGAA ACCTTGCGCA AACTCGAAGA GAATCTGCAC TACACTTTTA GACACGGCTT TGTGCGGCAG 

52l7] !; CA JgCAAGA TATCTAACGT QQAACTCACC AACC7GGTTT CCTACATGGG TATTCTfiCAT SAGAATCGCC 

xaIV Taggacaaag cgtgctgcac agcaccctta agggggaagc CCGCCGTCAT TACATCCGCG attgtgtcta 

24781 TCTCTACCTG TGCCACACGT QGCAAACCGG CATGGGTGTA TGGCASCAAT GTTTAGAAGA ACAGAACTTG 
24B81 AAABAGCTTG ACAAGCTCTT ACASAAATCT CTTAAGSTTC TGTGGACAGG 8TTCGACGAG CGCACCGTCG 
24921 CTTCCQACCT GGCAGACCTC ATCTTCCCAB AGCGTCTCAG GGTTACTTTG CGAAACGGAT TGCCTGaCTT 
24991 TATGAGCCAG AECATGCTTA ACAATTTTCG CTCTTTCATC CTGGAACGCT CCGQTATCCT GCCCGCCACC 
ff?f ISSTSSSSiS IS"£I CC<3A crrTaTGCCT CTCACCTACC GCGAGTGCCC cccgccgcta tggagtcact 
25131 GCTACCTGTT CCGTCTGGCC AACTATCTCT CCTACCACTC GGATGTGATC GAGGATGTGA GCGGAGACCC 

CTTGCTQGAQ TGCCACTGCC GCTGCAATCT GTGCACGCCC CACCGGTCCC TAGCTTGCAA CCCCCAGTTG 
25271 ATGAGCGAAA CCCAGATAAT AGGCACCTTT GAATTGCAAG GCCCCAGCAG CCAAGGCGAT GGGTCTTCTC 

SI?-??^!! TTTAAAACTQ ACCCCGGGAC TGTGGACCTC CGCCTACTTG CGCAAGTTTG CTCCGGAAGA 
ff223 I™?!E A ?"£ TATGAAATCA AGTTCTATGA GCACCAATCA CA6CCTCCAA AGGCCGAACT TTCGGCTTGC 
offf ] GTCATCACCC AGGGGGCAAT TCTGGCCCAA TTGCAAGCCA TCCAAAAATC CCGCCAAGAA TTTCTACTGA 

AAAAGGGTAA GGGGG TCTAC CTTGACCCCC AGACCGGCGA GGAACTCAAC ACAAGGTTCC CTCAGGATGT 
IIrp ^? n^ A 5H AA ? AAGTtGAAGG TGCAGCCSCC GCCCCCAGAA GATATGGAGG AAGATTGGGA 

IfSI! 9 51 GAGGAGGCGG AGGAGGACAG TCTGGAGGAC AGTCTGGAGG AAGACAGTTT GGAGGAGGAA 

?flf ; A £ CCAn G A| !G CAGAGGAGGT GGAAGAABTA ACCGCCGACA AACAGTTATC CTCGGCTGCS GAGACAAGCA 
mEI EEKEKS CATCTCCGCT CCGAGTCGAG GAACCCGGCC GC6TCCCAGC AGTAGAT6GG ACCACACCGC 
III? rS5I?f5S2 GCGCTTCCAA GACCQGTAAG AA88ATCGGC ASGSATACAA GTCCTGGCGG 

iSZ ???5tTTrri A I??"^ A I ?TSSI"II G CATGAGTGCG GGGGCAACAT ATCCTTCACG CGGCGCTicT 

JSS.IIS?*. CCATGGGGTG AACTTTCCGC GCAATGTTTT GCATTACTAC CGTCACCTCC ACAGCCCCTA 
HUl ^I A I ASCCAG CAAAT CCCGA CAGTCTC6AC AGATAAAGAC AGCGGCGGC6 ACCTCCAACA GAAAACCAGC 
IV>%\ rlllrrrfll irm^I*^ CAACAAGTSC A6CAACAGGA SGATTAAAGA TTACAGCCAA CqIgccagCG 

llli J " agttaagaaa tcggatcttt ccaaccctgt atgccatctt xcagcagagt C6GGGTCAAG 
fill A ^ AGGAA " ft*"™** aa "® atctc tgcgttcgct caccagaagt tgtttgtatc acZIgagcga 
ililt a * a Ja^II CAGCfic * CTC tcgaggacgc cgagsctctc ttcaacaact ACTGCGCGCT GACTCTTAAA 

^STSS 8 " 8 CGAC C5C6CT TATTCAAAAA AGGCGGGAAT TACATCATCC TCGACATGAG TAAAGAAATT 

US kSStSII r^lVrVl** TTATCAACCC CAAATGGGAT TG6CAGCAGG CQCCTCCCA6 GACTACTcS 

III? S?-???*-!?™ I TSSCTC * BC GCCGGGCCTT CTATSATTTC TCGAGTTAAT GATATACGCG CCTACCGAAA 

2674 aeci&SII ? A ^I CTTAC "CCACGCCC CGCCAACACC TTAAKCCAG 33S?2«C 

Ir«7 " J G I A £ CAGGA AAGT CCCGCT CCCACCACTG TATTACTTCC TCGAGACGCC CAGGCCGAAG 

Ilia ^T AAA Ir A r J AA I?^ A 5 GT aCGCAG " AG CTGGCGGCTC CACCCTATGT C6TCACAGGC CTCCCCATAA 

llll J A I AAAA ^ ArrrI?Tr5r ? A6 £ CCS . AGG TAT «AGCTC AACGACGAGT CGGTGAGCTC TCCGCTTGGT 

Pnli Tl A r?5^5? A ^S^ A IE Tr TCACATr «cc GGCTGCGGGA gatcttcctt cacccctcgt CAGGCTGTTC 
Itoqi JSrSEEEi ™I"I CT tcccaacccc gctcgggcgq aatcgqqacc gttcaatttg Tagaggagtt 

27?I rrrftnr^rl SISI£ CTTCA ^CCCCTTCTC CGGATCTCCT GGGCACTACC CGGACGAGTT CATACCGAAC 

lVrX\ llrl?£l¥l TTASCGAQTC AGTGGACGGC TACGATTGAT GTCT69TGAC GCGGCTGA6C TATCTCGGCT 

llll) rS?*£rIS A GACCACTGCC GCCGCTTTCG CTGCTTTGCC CGGGAACTTA TTGAGTTCAT CTACTTcIaI 

|Z|2 ^I"" AASS ATCACCCTCA AGGTCCG3CC CACGGAGTQC GGATTACTAT CGAAGGCAAA ATAGACTCTC 

pi SfSJfgES? {SEES SSBSS SB8SS 3?3 SEE 

fill] #S!f£K JSKSSS S"S SEEKS 

tM I S i S - E "™" s sss¥ga ss; aasssss ss 
i i S ™i ™«™ ctIetcctbt ? sssss s?s5se »n 

i S i S» «™ -™ ™s 

mS\ SSSSSi SBEESS WSS fS5if?J SJBSSf SgJSfS ggSS 
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ooo^ ST(= r fi T.T BC ATACACCTGC TT6TAACCAC f t SCAT C AAA AACGCCAATA ACAAAGAAAA MTGCCTTAA 
283S. CCTCUTCTG TTTACAGACA TGGCTTCTCT TACATCTCTC ATA. I I «r£ ^CCCAATC aPt'EaCACG 
28421 GGACAAACAG TCQTCTCTAT CCCACTAGGA CATAATTACA CTCTCATAGG ACCCCCAATC a 
2B431 TCATCTGGAC CAAACTGGGA AGCSTTGATT ACTTTGATAT AATCTGTAAt *^^?rTA TTATGGTTAT 
S3 IttTWCAAC ATACAAAATC TTACATTGAT TAATSTTAGC AAAGTTTACA §CGGTTACTA TTATGGTTAT 
28831 GACAGATACA GTAGTCAATA TAGAAATTAC IIGGTTCGTG T^ctu^M CCGACGAAAA 

S3! SKS& SSSKffi SESffi SSw «g j™™* 

gSti SSS fflS SSISSc iSESg SccScan mgmj 

2012 CTMAACMC ABAGACC7AA CCATTATCAA CGTJACACCA AATGACAAAJ IgiKJeTT 

us; :sis?s sj^sfrf ksskss ?«" ssssesss ejssss StSKKt. 
as skjiss? hsssk fflm = - sasaa 

SSt1 BTACCTA6AA ATTTCTTCTT CACCATACTC ATCTGTGCTT TTAATSTTT8 "CTACTTTC UtSCMnU 

88] SffiSE ATA6TCT6K SSBSS ?S¥R^ SS5ES fc ? CJ.AT S e 

SSI = SSffi =S ?SS S SffifflS 5^ 

«nnoi ytTTTPATAT AfrCCCTATT TGATTTTGGC TGGAATGCTC CCAATSCACA TGATCATCCA LAA ^"^; 
foil SSSScS ScCCcISS AACATGCAAC A7CCAATAGC KTAATWg IaaIcACTCA SccScm 

30171 CCCACTACTC CCTGCTATTA gttacttcaa cctaaccggc sgagatgact gaaacactca «ACCTCCAA 

SSi ttccSSqm gatctgctcg atatsgacgg ccKQTCTg tcc^aattca cSatScaS iSSESS 
3031. cagcabcagg AAcecQTGGc caaagabctc agagatgtca tccaaattca ccaatggaaa *« A »i£* 

^rvwn TrtRTTTGGT AAAACAAGCC AAGATATCCT ACGAGATCAC CGCTACTGAC CATCBCCTCT CTTACfaAKV- i 

log twIcScaI cgJcaaaaat ttacctbcat ggtggsaatc aaccccatag ttatcaccca acaaagtsga 

30521 GATACTAAGG GTTGCATTCA CT8CTCCTGC GATTCCATCS A6TGCACCTA CACCCTGCT6 AAGACCCTAT 
ISiil GCGGCCTAA6 AGACCTGCTA CCAATGAATT AAAAAAAAAT GATTAATAAA AAATCACTTA CTTSAAATCA 
loell eCAATAAGGT CTCTGTTGAA ATTTTCTCCC AGCA6CACCT CACTTCCCTC TTCCCAACTC TGGTATTCTA 

SoSS aaccccgttc agcggcItac tttctccata CTTTAAAGGG gatgtcaaat tttagctcct ctcctctacc 

30801 CACAATCTTC ATGTCTTTCT TCCCAGATGA CCAAQAGAGT CCMCTCA8T SACTCCTTCA ACCCTGTCTA 
30671 CCCCTATSAA GATGAAAGCA CCTCCCAACA CCCCTTTATA AACCCACGGT TTATTTCCCC MATGGCTTC 
80941 ACACAAAGCC CAGACG6AGT TCTTACTTTA AAATGTTTAA CCCCACUAC ^CCACAGGC ^ATCTCTAC 
31011 AGCTAAAAGT GGGAGGGGGA CTTACAGTGG ATGACACTGA TGGJACCTTA CAAGAAAACA J«STGCTAC 
3106 AGCACCCATT ACTAAAAATA ATCACTCTGT AGAACTATCC ATTGSMATG ^ATTAGAAAC TCAAAACAAT 
311S AAACTA7GTG CCAAATTEGG AAATGGBTTA AAATTTAACA ACGGTBACAT TTGTATAAAG SATABTATTA 
31221 ACACCTTATG GACTGGAATA AACCCTCCAC CTAACTSTCA AATTGTSSAA AACACTAATA CAAATGATGS 
3 291 CAAACTTACT TTAGTATTAG TAAAAAATGG AGGGCTTGTT AATGGCTACG [GTCTCTAGT TBGTGTATCA 
Sl^ftl CACACTRTGA ACCAAATGTT CACACAAAAG ACAGCAAACA TCCAATTAAG ATTATATTTT GACTCTTCTG 
1 til 8AAATCTATT AACTGABGAA TCAGACTTAA AAATTCCACT TAAAAATAAA TCTTCTACAG CGACCAGTGA 
! 50 AACTGTAGCC AGCAGCAAAG CCTTTATGCC AAGTACTACA GCTTATCCCT TCAACACCAC TACTAGGGAT 
31S71 ASTGAAAACT ACATTCATGG AATATGTTAC TACATGACTA GTTATGATAG AAGTCTATTT CCCTTGAACA 
31S4 TTTCTATAAT GCTAAACAGC C6TATGATTT CTTCCAATGT TCCCTATGCC ATACAATTTB AATGGAATCT 
31711 AAATGCAAGT GAATCTCCAG AAAGCAACAT ACCTACGCTC ACCACATCCC CCTTTTTCTT TTCTTACATT 
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